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Preface 


In writing this book it has been the author's aim to bring together for the reader 
the fundamental gleanings of an immense, scattered, and usually uncorrelated 
field. No one man can become expert in even one phase of economic botany, for 
the subject is as broad as is man's industrial and agricultural activity, and as deep 
and diverse as are human wisdom and folly. Amidst the complexity of modern 
civilization, the individual perhaps finds himself wondering where the paper on 
which he writes comes from, or the shortening used in cooking his food, the rayon 
used in making his clothes, the "wonder drug" used in curing his illnesses^and 
wondering a little also about how these many things are produced. In the ebb 
and flow of the times new needs for plant products arise, old customs resist innova¬ 
tion, past procedures and products are altered or discarded. Labor, transportation, 
technocracy, marketing, research, diplomacy, all are involved in the process by 
which the marvels of our material civilization are made from the plant. 

No one volume-no one lifetime—is sufficient to discuss all the ramifications that 


might arise from a discussion of plant products. But any discussion—for example, 

that of the common rubber tree—at least implies important past developments; 

sn this case, a story of both greed and economic 'foresight,-of human'wastage and 

intricate technical genius, of wild speculation and sober evaluation, of slow 

progress and rapid transition perhaps altering the course of civilization. The whole 

story is to a great extent one of man and man's doings, for Hevea brasi lien sis is 

not rubber until it has received treatment at the hands of men. Rubber production 

is dependent upon the laborer who wields the tapping knife and the “seringueiro" 

o t e sweating jungle who tediously smokes his latex. And finally, war-developed 

synthetics present a challenge and, possibly, a death-knell to this industry built 

originally about a wild species. The same thing is true not of rubber alone but 

man) p ants and their products. Forest products, tannins and dyes, oils and 

fond^ /* UmS ^ res * ns ’ Hodiernal plants, beverage plants, and a countless host of 

p j ^ a , ntS 3 ^ ave ^ le * r stories written in both the past and the present. An 
educated man should know a little of these stories. 

counts^T ^ erS ° n must rea, * ze that in any economic enterprise it is cost that 
necessary U f re ” CCt ! on ^ ‘ n P art ^ ie intrinsic merit of the plant from which a 
plant in tk°° °, r , 3n * n d ustr ial material is obtained. The best-yielding tannin 
occurrence^ wou ^ ^e value were it inaccessible or of infrequent 

processing m *h’ mazon * an i un S^ e » unadaptable to cultivation, or unsuited to 
sc inery. Tannins (and most other plant materials) are found in 
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many members of the plant kingdom, and undoubtedly aie present even in plants 
yet to be discovered and analy/ed. The plant that will be utilized by man for any 
purpose will be that which yields not only an acceptable product in adequate 
amounts but which, furthermore, fits most economically into his scheme of work 
and existence. This book cannot discuss all sources ol any plant product; it can 
only tell ol those plants which have been •'eminently successful'' as typifying plant 
products of a particular category. Less important sources arc discussed briefly, 
usually at the ends of sections. Elaborations upon relatively few plants of 
greatest economic interest and importance should readily indicate to the reader 
the chief ways in which plants are useful to man. It is hoped that such a series 
of stories will provide a more interesting and clearer view of the whole than 
would a mere recitation ol the multitude of economic plants and their many uses. 

R.YV.S. 
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CHAPTER 1 

Man’s Dependence Upon Plants 


Back in mesozoic times, some 100 million 
years ago, the dominance of the mighty 
dinosaurs was challenged by an upstart but 
better-adapted class, the mammals. In the 
plant kingdom too there was an advent of 
tremendous moment—the first appearance 
in the world of the Angiosperms, or seed 
plants, predestined within a few brief 
geological ages to dominate the land 
areas of the earth. Mammals and Angio¬ 
sperms jointly threaded their successful way 
through the Mesozoic and Cenozoic eras; 
their history is written in the fossil record. 
And finally we find man, the culminating 
mammal, dependent for his very existence, 
directly or indirectly, upon the seed plants; 
and many of the seed plants (viz., maize 
and other cereals, most fruit and vegetable 
plants) dependent in turn upon man for 
their care and perpetuation. 

Let us now shift our focus briefly to the 
geologically recent Pleistocene period, the 
“Ice Age,’’ a mere million years or so pre¬ 
ceding historical times. Man had evolved 
in the Old World, and experienced there 
four or five epochs of glaciation. During at 
least the later Pleistocene, he invaded the 
New World. He existed by gathering fruits, 
seeds, or succulent herbage of Angiosperm 
plants; or by killing game that in turn fed 
upon an extensive supply of Angiospermous 
forage. But whether partially sedentary and 


existing by the former means, or whether 
nomadic and existing by the latter, man 
was dependent even then upon plants and 
plant products, particularly the seed plants. 
Without wild seeds he would have had no 
gruels or flours; without fibrous barks or 
stems, no cordage or basketry. Without 
woody stems, he would have had inadequate 
shelter in which to house the simple family 
group; without grasslands, inadequate herds 
to yield meat. And—perhaps even more im¬ 
portant to the history of the human race— 
without die appearance of herbaceous an¬ 
nuals, all of them seed plants, man could 
have developed no agriculture. Perhaps he 
first spilled seeds gathered from the wild 
by diance in well-worn trails about habita¬ 
tions; perhaps he noticed how well they 
grew there and saved some seed for future 
plantings: perhaps thus was agriculture 
born) Only with agriculture, this improved 
means of supporting multitudes of seden¬ 
tary peoples in a given area, could civiliza¬ 
tion with its large cities and their necessary 
accouterment of libraries, schools, public 
buildings, and mechanical conveniences 
have come into being. From this early be¬ 
ginning, plants and plant products have 
remained the primary base upon which all 
modern civilization is built) In this book we 
are concerned chiefly with those plants util¬ 
ized by our modern civilization, but we 
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cannot forget th.it all kinds of plants alfect 
man and his existence, however minutely, 
and are therefore part and parcel of "eco¬ 
nomic botany" broadly considered. 

Photosynthesis and the livinft icorld. 

All students of biology and elementary bot¬ 
any are cognizant of the fundamental im¬ 
portance of photosynthesis, the process 
whereby green plants utilize the energy of 
sunlight to build up complex organic mole¬ 
cules otherwise unavailable to most living 
organisms. Often quoted has been the 
phrase “all flesh is grass"—meaning of 
course that growing plants (ordinarily sur- 
viving by photosynthetic activity) supply, 
directly or indirectly, the food upon which 
all animal life depends. This remarkable 
process, photosynthesis, depends upon the 
highly complex pigment-catalyst, chloro¬ 
phyll, one of the most amazing "inventions” 
of the plant kingdom. Chlorophyll of the 
living plant cell, drawing upon the energy 
of sunlight, can cause inorganic molecules, 
carbon dioxide (CO.,) and water (H._,0), 
to become an organic molecule such as 
glucose (C fi H I;! 0 ( ;), and at the same time 
can release to the atmosphere free oxygen 
(0 2 ), the necessary gas for the breathing of 
most of the animal kingdom. This most 
important process can be epitomized chemi¬ 
cally as: 

chloropbyl and 

6C0 2 + 6H 2 0 ——-► C 6 H 12 0 6 + 60 2 . 

* 1 sunlight energy ' i 

Once the transition from the inorganic to 
even the simplest of organic molecules is 
attained, both plants and animals can 
further construct by their metabolic proc¬ 
esses the large and complex molecules 
needed to build plant and animal tissues. 

1 he complex plant products so constructed 
include cellulose, the basic component of 
wood and other fibers; starch, an omnipres¬ 
ent food substance, anti often a necessary 

& V 


material foi various industrial operations; 
oils, utilized by man in a multitude of ways, 
as lor margarine or soap: proteinaceous 
loods for man and beast; resins, latices, tan¬ 
nins, and a host of other products. Little 
wonder then that so much stress is laid 
upon photosynthesis as a fundamental bio¬ 
logical process, for without it the world 
would he a dreary place, uninhabited by 
any of the higher forms of life. Moreover, 
it would be physically different from the 
world we know now, with a deficiency of 
gaseous oxygen, and with accelerated ero¬ 
sion of land masses unprotected by vegeta¬ 
tion and plant litter. Photosynthesis cannot 
be ignored as the most basic of all plant- 
man relationships, for it is the backdrop 
before which the panorama of economic 
botany unfolds. 

Decay and the living icorld. Have 
you ever stopped to consider what this 
world would be like in the absence of the 
very simple plants and their near rela¬ 
tives, the bacteria and other fungi? These 
simplest ol plants, often lacking even true 
nuclei, seem to lie at the opposite end of 
the evolutionary sequence from the Angio- 
sperms, or seed plants, whose importance 
we have already stressed. Yet they alone in 
the plant kingdom rival the seed plants in 
frequency and omnipresence, for bacteria 
are everywhere, in untold quantities, even 
borne in the air as high as any airplane has 
yet flown. We may condemn bacteria and 
other fungi as the cause of many serious 
diseases, which of course they are, yet with¬ 
out them the earth would be a sorry place 
for higher organisms to live. Without these 
inconspicuous plants there would be no 
decay or putrefaction, for science tells us 
that enzymes secreted by the ever-present 
microorganisms break down or digest the 
complex molecules built up through the 
constructive process of photosynthesis. In so 
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Carboniferous swamp forest, source of most coal, a useful bounty from photo- 
svnihcMs of ages past. (Courtesy Chicago Natural History Museum.) 


doing these microorganisms release for their 
own use the energy captured from sunlight 
by chlorophyll; in turn they can use this 
energy to elaborate the molecules needed 
for their metabolism. Any “by-products” of 
(he enzymatic breakdown are eventually 
returned once again to the realm of the in- 
organic—to the air and the soil and the sea. 
Were there no decay, the surface of the earth 
might be littered to an unpredictable depth 
with the carcasses and remains of countless 
generations of animals and plants. Vital 
mineral elements would remain locked 
within this debris, unavailable to future 
generations of plants for metabolic build-up 


into necessary plant and animal tissues. 
Thus an atom would likely be used but 
once, and soils would soon become seriously 
depleted of all the necessary elements. The 
mechanical inconvenience of undecomposed 
plant and animal remains would be beyond 
description. Certainly we are fortunate that 
the living world became a place of scaven- 
gers as well as of builders. 

^ Since prehistoric times man has made di¬ 
rect use of microorganisms and their pecu¬ 
liar ability to supply specific catalytic 
enzymes. 1 hus yeast may have been the first 
among domesticated plants, used even by 
savage man to break down starch and the 
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hard, homy seeds of Angiosperms into sim- vinegar, alcoholic beverages, cheese, fibers 
pier, more palatable, and easily digestible l>\ retting—to mention only a few of the 
food and drink. By essentially this same industrial products enlisting the aid of 
process we obtain today industrial alcohol, microorganisms lor their preparation. 

SUGGESTED SUPPLEMENTARY READING 

Hutchinson, John and Ronald Melville. The Story of Plants and Their Uses to Man (London: 
Gawthorn. Ltd.. 1919.) 

U.S. Department of Agriculture. Yearbook, 1951. 



CHAPTER 2 


Man’s Economic Interest In Plants 


In chapter I we surmised how very early 
the mammal called man may have existed. 
, From the beginning of his history, he must 
have had an economic interest in the vegeta¬ 
tion about him, even though he originally 
displayed little conscious thought concern¬ 
ing it. Soon, however, this newly evolved 
creature grasped the primordia of culture, 
and the miracle of mind began the long 
process of controlling or altering man's 
environment for his use and comfor^Early 
records of primitive man show him in con¬ 
trol of fire, for which he would need dry 
wood, a plant product. Undoubtedly he 
devised means (such as girdling) for killing 
woody vegetation by stripping away tree or 
shrub bark with a stone or other implement 
at hand. Soon he devised tools and weapons 
that often demarfded a wooden shaft or 
handle. Again, fibrous plant tissue was early 
recognized as valuable for binding and 
weaving; and of course certain plants had to 
be identified as suitable for food, others 
as unpalatable or even poisonous. Primitive 
man had perforce to know something of 
economic botany. 

Still many centuries before the dawn of 
history, the birth of agriculture occurred. 
Man learned to recognize specific plants 
and animals as especially valuable and 
worthy of attention. He encouraged these, 

• Chronological History of Plants, 1879. 


by planting or feeding and by discouraging 
their competitors. Thus domestication came 
about, and certain species of plants and 
animals lent themselves to man’s use in 
exchange for protection. Perhaps many tens 
of thousands of years were involved in this 
process, but the efficacy of early man’s at¬ 
tempts at domestication cannot be denied. 
There exist today few important economic 
plants or animals that have been domesti¬ 
cated within historic times. Most domesti¬ 
cated plants were with man thousands of 
years before Christ; the wild ancestral spe¬ 
cies are unknown or doubtfully known, 
their origin shrouded in the obscurity of 
prehistoric times. Truly, man displayed 
noteworthy wisdom before he had ever 
written a word. 

The plants of ancient history. Aside 
from neolithic or even preneolithic picture 
writing, preserved on bone and on the walls 
of caves, some of it certainly 10,000 or more 
years old, the first records of any economic 
plants are probably those of ancient Egypt 
and of China. Charles Pickering* lists for 
as early as 4271 b.c. die recorded occur- 
lence in the Middle East of many economic 
plants, including wormwood, palm, fig, 
gum, and a number of other species. Cer¬ 
tainly flax is known, from the tombs of 
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ancient Egypt, indicating a textile industry Ages we find the herbalists, expounding in 
of at least 1,000 years antiquity. In ( liina their herbals the doctrine o f si gnature s, 
elaborate papers were being made while This un ions dot trine held that plants were 


Europe was yet a Darbanc province, and 
many food plants, including form s as 
strange to us as seaw eed, wer e rec orded 
as worthy of offering at shrines' an d altars. 

Later, some lew centuries before t^ie birth 
of Christ, the Greek civilization observed 
and recorded a few facts about the plants 
of interest to that era. Theophrastus, in his 
History of Plants, about TIP B.c„ and the 
renowned Aristotle made notes on useful 
plants of the world so far as it was then 
known. Subsequently the Roman naturalist, 
Pliny the Elder, and his contemporary, the 
Greek Dioscorides, recorded for posterity a 
few accurate observations amidst a multi¬ 
tude of old wives’ tales—Pliny’s Natural 
History has been called a " repository for al l 
the error s of ant iquity.” It was concerned 
chiefly with supersTTTfTSnfbf the day and the 
reputed medicinal values of a number of 
plants. In fact, the majority ol early writings 
stressed the medicinal or supernatural pow¬ 
ers of strange "drug” plants, while disre¬ 
garding as unworthy of comment—a matter 
for the attention of slaves only—agriculture 
and cultivated plants, upon which any civi¬ 
lization must be founded. Possibly this neg¬ 
lect of the important economic annuals and 
the soil in which they grew was a contribu¬ 
tory factor to the decline of the great Greek 
and Roman empires. Certainly the wheat 
fields of Italy and Greece, once the "bread¬ 
basket" of empire, have since been super¬ 
seded by those of the Ukraine and of various 
parts of the New World. 

As far as we are aware, the Middle Ages 
in Europe saw but slight advance in the 
study of economic plants, though popula¬ 
tions expanded and agriculture was, in 
times of backwardness as in those ol prog¬ 
ress, a necessary art. Interest in the medi¬ 
cinal and supposed supernatural virtues of 
plants continued, and in the late Middle 


c reated expressly for man’s use, and that the 
Creator , al beit sometimes cryptically, so 
d esigned a plan t th at its appearance re¬ 
fl ected the use to which it could advant a- 
geously be p ut. Th us the walnut, resembling 
the convolutions of the brain, was thought 
to be helpful against afflictions of the brain; 
the bloodroot, with a reddish juice, a certain 
conditionei lor the blood; the toothwort or 
pomegranate, endowed by the Creator with 
a resemblance to teeth, an effective aid 
against oral discomfort. In the elaborately 
written and beautifully illustrated herbals, 
botanical science had its utilitarian be¬ 
ginning. The start was made on what was 
eventually to be an extensive body of writ¬ 
ings: and communication across national 
borders, ultimately to span the largest of 
seas, was begun. The way was now open 
for rapid expansion in plant exploration, 
collection, and classification. Economic bot¬ 
any was upon the verge ol becoming the 
concern of millions ol people. 

Some landmarks in the science of eco¬ 
nomic botany. Classic in the development 
of economic botany are the works of Al- 
phonse de Candolle and N. I. Vavilov. The 
Swiss tie Candolle, in his Geographical Bot¬ 
any of 1855, and more particularly in his 
Origin of Cultivated Plants of 1883, was the 
first to attempt successfully integration of 
various types of evidence to determine pre¬ 
cisely, or at least with a high degree of 
probability, the ancestral form, region of 
domestication, and history of most of the 
important cultivated plants. Dependent in 
his research upon the rather fragmentary 
knowledge of his time, tie Candolle never¬ 
theless made such accurate deductions from 
it that research for nearly the whole of the 
succeeding century has for the most part 
confirmed his findings with but slight al- 
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teraticn. De Candolle's breadth of interest 
enabled him to thaw upon discoveries in 
botany (particularly plant geography), ar¬ 
chaeology, written history, and philology, 
and to formulate conclusions from the best 
available evidence, in whatevci field it was 
to be lound. 



Chili pepper, Capsicum anmnim. From the Lobel 

Herbal. b8l. (Courtesy Chicago Natural History 
Museum.) 7 


Vavilov, the Russian, „s in a scnse a de 
Candolle of the twentieth century. Follow¬ 
ing the Russian tradition of extensive re¬ 
search, concentrating not upon a single 
local condition or problem but adopting an 
empirical approach that was world-wide- 
or at least as wide as were the boundaries 


of the Soviet—Vavilov assembled immense 
quantities of data from many sources. For¬ 
tunately, in his bold early work he had the 
support of the Russian state, with its wide¬ 
spread facilities. Utilizing ideas from newer 
fields of science, particularly those ol gene¬ 
tics and heredity, and more complete data 
in the older fields known to de Candolle, 
Vavilov was able to indicate with great 
exactness centers of origin of cultivated 
plants. In the light ol more recent research, 
some of his generalizations have merited 
modification, but on the whole, economic 

botany is indebted to Vavilov lor manv basic 

/ 

principles that are still bearing fruit in 
awakened interest in, and expanding lines 
of inquiry concerning, domesticated plants. 

The encyclopedias and old texts. Co¬ 
ordinate with the research of de Candolle 
and Vavilov in the advancement of eco¬ 
nomic botany was the assemblage of in¬ 
humation in various encyclopedias and 
practical botanies. These are chiefly of 
historic interest today, but a number merit 
mention for their remarkable comprehen¬ 
siveness in a day when the world was yet 
relatively unexplored by literate man. We 
shall mention here some of the encyclo¬ 
pedias perhaps outstanding even in modern 
times. In London, in 1908, .Sir George Watt 
published his Commercial Products of In¬ 
dia. following his earlier monumental Dic¬ 
tionary of the Economic Products of India 
of 1885-94. In this alphabetic listing of eco¬ 
nomic plants, Sir George gives data on 
common names, habitat, varieties, cultiva¬ 
tion, production, costs, markets, qualities, 
and uses. This is indeed an exhaustive 
reference work, reflecting painstaking as¬ 
semblage of facts. The Chronological His- 

lo, y °f Pla,lts: Man's Record of His Oxen 
Existence Illustrated Through Their 
Names, Uses and Companionship, by 
Charles Pickering, published at Boston in 
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1879, was sixteen years in the composition. 
Pickering, a grandson of a member of 
Washington's first cabinet, eruditely dis¬ 
cusses, in chronological order, various plants 
as they are recorded in man's writings. 
Three indices, comprising about 130 pages, 
make this large volume useful as a reference. 
A third encyclopedia, of somewhat more 
recent times, is Sturtevant’s Notes on Edible 
Plants, edited by U. P. Hedrick, published 
in Albany, N. V., in 1919. This book lists 
various food plants alphabetically, with in¬ 
teresting comments on their payability and 
use taken from the notes of Lewis Sturte- 
vant, first Director of the New York 
Agricultural Experiment Station until his 
retirement in 1887. 

The old texts are usually quite laborious, 
and are "practical" only in a rather remote 
sense. Often any discussion of economic 
plants is preceded by a rev iew of botanical 
knowledge of the day—a commentary on 
stems, leaves, cells, and the like. Among 
these texts are T. C. Archer's interesting 
illustrated Popular Economic Botany (Lon¬ 
don, 1853) and his Profitable Plants (Lon¬ 
don. 1865). John Lindley’s tedious The 
Vegetable Kingdom, also published in Lon¬ 
don, went through three editions by 1853; 
it is as much a taxonomic treatise as an 
economic one. W. Rhind's voluminous A 
History of the Vegetable Kingdom (London, 
1857) lists economic plants according to use 
and classification. Warburg and Brand 
published in Leipzig about 1908 the beauti¬ 
fully illustrated Kulturpflanzen der Welt- 
u’irtschaft. Considered collectively, these 
early texts, despite their voluminous na¬ 
ture, did little to further the study of eco¬ 
nomic botany, other than to indicate its 


immensity and the diversity of its ramifica¬ 
tions. 

Recent trends in economic botany. 
Within the last half century, especially, 
enormous effort has been expended in in¬ 
vestigations concerning economic botany. 
Witness, for example, the activities of the 
colossal U. S. Department of Agriculture, 
under whose auspices much practical botan¬ 
ical investigation has been carried on; wit¬ 
ness the many large agricultural colleges 
throughout the world. Mankind the world 
over has realized that its future comfort 
and even security rest with making plants' 
service to man ever more efficient. Witness 
the world-wide search of the twentieth cen¬ 
tury for new or better plants for industrial 
purposes, for food and forage, and for or¬ 
namentation, sponsored both by sovereign 
states and by private corporations. Such 
exploration has meant a flourishing soybean 
industry in the United States, ramie fibers 
from Florida, rubber plantations in the Far 
East, a quinine monopoly in the Dutch 
East Indies, and orchids lor an evening at 
the concert. Witness finally the birth of 
chemurgy-the fusion through chemistry of 
"pure" research, industry, and agriculture 
-the potentialities of which are only be¬ 
ginning to become apparent. Already we 
have plastics from vegetable wastes, al¬ 
cohol from sawdust, vitamins from yeasts, 
and herbicides that pose a threat of bio¬ 
logical warfare. What will the chemist make 
next from some relatively cheap and abun¬ 
dant molecule, and what potentially useful 
wild plant will next be called into the ser¬ 
vice of man? The answers to these questions 
should not be long in coming. 
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Ames, Oakes. Economic Annuals and Human Cultures (Cambridge. Mass.: Botanical Museum, 
Harvard University. 1939). 

de Candolle. Alphonse. L'origine drs filantes cultivdn (Paris. 188.1 Tr.. Origin of Cultivated Plants. 
London. 188(3). 

McMillen, Wheeler. AVte Riches from the Soil (New York: D. Wan Nostrand. 2nd edition. 1930). 

Periodicals 


Economic Botany (New York). 
World Crofts (London). 


These periodicals will be found useful in conjunction with all chapters of the book. 





























































































































































































































































































































PART II 


Products From The Plant Cell Wall 






























































































































































































































































































































CHAPTER 3 


Forests Available To Man 


Lumbermen and foresters alike recognize 
two convenient general categories of forests, 
softwoods and hardwoods, based upon the 
predominant type of trees contained. In the 
literal sense, the terms softwood and hard¬ 
wood are almost meaningless, for many 
softwoods are harder than many hardwoods, 
though on the whole the hardwoods as a 
group would undoubtedly average “harder" 
(more accurately, “denser'-gre aier den sity 
being usually a reflection strength, .ac- 
counted for by the sturdier c ell walls of th e 
indivi dual c ells). Botanically, a softwood 
is any member of the subphylum Gymno- 
spermae, while hardwoods belong to the 
subphylum Angiospermae. Thus it would 
perhaps be more logical to term forests 
either Gymnospermous or Angiospermous 
rather than softwood or hardwood. 

The Gymnospermous or softwood for¬ 
ests. The Gymnosperms include several 
orders of plants, some of them extinct and 
known only from the fossil record. Of the 
orders extant, only the Coniferales (coni¬ 
fers), including such valuable trees as the 
pines, spruces, and Douglas fir, is of con¬ 
siderable economic importance. The Gink- 
goales is represented by a single species, 
Ginkgo biloba, perhaps not known except 
in cultivation; the Cycadales, represented by 
a handful of genera of the tropical lands, 


is of practically no commercial interest; the 
Gnetales, a small and unique order typi¬ 
cally of desert habitat and of doubtful af¬ 
finities, is of no commercial importance 
save as a former source of the drug ephed- 
rine (from the genus Ephedra). 

The conifers (Coniferales) are for the 
most part readily distinguishable, even to 
the uninitiated, in that die leaves are usually 
in the form of needles or scales, and the 
reproductive structures are borne in cones. 
The pines or spruces or any of the common 
“evergreens” or “Christmas trees” are fa¬ 
miliar to everyone as being quite distinct 
from the common hardwoods, or Angio- 
sperms, such as the oak, elm, maple, and 
similar species. Only in a few obscure ge¬ 
nera might confusion result. Thus for prac¬ 
tical purposes there is ordinarily no need 
to rely upon relatively abstruse character¬ 
istics in deciding whether a tree constitutes 
softwood or hardwood timber. Botanically, 
however, the Gymnosperms are defined as 
bearing a naked ovule (potential seed) ex¬ 
posed upon the upper surface of a cone 
scale. This ovule, unenclosed in an ovary, 
is reached directly from the air by the male 
reproductive element, the pollen, during 
pollination. Thereafter, fertilization and 
production of the seed present highly tech¬ 
nical differences, of only theoretical con- 
cern for distinguishing Gymnosperms from 



\ "vmnospci inous. or soft wood, forest. (Court css l'. S. Forest Service.) 


Angiosperms. Concomitant with the type 
ol ovule arc otliei distinguishing features 
of the Gymnosperms, such as the fretpient 
presence of resin and resin canals, rather 
uniform rays, and the lack ol certain cell 
types in the wood. These secondary dif¬ 
ferences will he discussed in greater detail 
later on when the topic "Wood—what it is” 
is taken up. 

The extent ntul location of softwood 
forests. Softwood forests, although seem¬ 
ingly on the decline in competition with 
the encroaching hardwoods, are yet of con¬ 
siderable extent. In 1918 the Food and 
Agriculture Oigani/.uion ol the United 
Nations estimated that approximately .‘i(i 
pet cent (some 2.5 billion acres or a billion 


hectares) of the forest area of the world is 
predominantly coniferous. In the northern 
temperate latitudes, softwood forests on the 
whole cover considerably more acreage 
than do hardwoods; and here in the United 
States we find that approximately (>2 per 
cent of our commercial forest land is in 
soltwoods, and that about four-fifths of our 
timber crops at the present time come from 
softwoods, particularly the Douglas fit' 
( Pseudolsuga ). 

Gymnosperms may be regarded as oc- 
cupying chiefly temp erate to sub arctic areas 
with moderate rainfall, although relatively 
niLtior stand s are found in tropical climates, 
especially at higher altitudes. I Inis in Cen¬ 
tral America, at higher elevations in Gua¬ 
temala. Honduras, and Costa Rica; in 
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central New Guinea; and. although not 
strictly within the tropics, more extensively 
in southern Brazil and northern India, 
significant areas may be dominated by 
coniferous vegetation. It remains, however, 
for western and northern North America 
(plus a smaller area dominated by yellow 
pines in the southeastern United States) 
and northern Eurasia to provide the exten¬ 
sive, often nearly pure, softwood forests 
that have afforded the basic means lor de¬ 
velopment of some of the most progressive 
civilizations of recent times. In our own 
country, colonization progressed westward 
to the Great Lakes region primarily through 
the exploitation of unparalleled stands of 
white pine; and today we are reaping a 
final large-scale dividend from our original 
forest heritage in the Douglas fir region of 
the Pacific Northwest, where occur the dens¬ 
est, most magnificent temperate rain forests 
known to the face of the earth. 

Altitudinally, the vertical dispersion of 
softwood forest belts follows much the same 
pattern as with latitudinal progression, the 
Gymnosperms as a rule becoming increas¬ 
ingly commoner as the climate becomes 
progressively colder. Generally, in regions 
where both softwoods and hardwoods occur, 
the conifers show an increasing predomi¬ 
nance from lower elevations to higher ones 
until timberline is reached. Often these 
stands, especially at high altitudes, are 
found on poor, shallow, rocky soils—soils 
presumably not well enough developed to 
sustain Angiospermous growth. Such gen¬ 
eralizations can apply, of course, only 
roughly to softwoods as a whole. Often local 
influences will outweigh more general fac¬ 
tors to determine the type of tree dominant 
in a given locality: for example, in the Mis¬ 
souri Ozarks, typically a temperate hard¬ 
wood region, shortleaf pine may dominate 
ceitain chetty, acid-soil ridge-tops although 
completely surrounded by the typical oak- 
hickory hardwood climax. Similarly, nuclei 


of hemlock may be found in the Appala¬ 
chians and scattered here and there as far 
west as Indiana, usually on sandstone soils. 

The Angiospermous or hardtcood for¬ 
ests. In contrast to the comparatively lew 
kinds of Gymnosperms, the Angiosperms 
are exceedingly diverse; often many entirely 
unrelated species grow associated in the 
same lorest area. A common lack of "pure 
stands" among hardwoods is one factor 
favoring exploitation of softwood forests 
first and by preference, since immense 
quantities of a standard, acceptable timber 
can thus be produced and marketed with 
a minimum of expense and inconvenience. 
The Angiosperms as a rule are easily div 
tinguished from the Gymnosperms in hav¬ 
ing broad, deciduous leaves and in bearing 
(lowers, not cones, as the reproductive struc¬ 
ture. Only under environmental extremes— 
for example, in desert habitats, where some 
Angiosperms bear highly modified leaves or 
lack them entirely—is there likely to be any 
confusion between softwoods and hard¬ 
woods. Botanically, Angiosperms are dis¬ 
tinguished from Gymnosperms in having 
the ovule enclosed within an ovary, rather 
than exposed, as is the case with the cones 
of Gynlnbsperms. Think oi any common 
hardwood fruit—for example, the peach, 
walnut, locust pod, or acorn of an oak- 
and it is apparent that the seed (matured 
ovule) is contained within outer enclosing 
tissues that develop from the flower. Sec¬ 
ondary characteristics, such as the presence 
of cell types in the wood not found in 
Gymnosperms, the absence of resin canals, 
and the diversity of rays, will be discussed in 
greater detail later on. 

For convenience, hardwood forests are 
usually separated into two categories, the 
tropical hardwood forests and the temperate 
hardwood forests. 'Fhc demarcation be¬ 
tween these categories is chiefly geographical 
and not at all precise, for commonly, as in 




Angiospcrinous temperate hardwood forest of the eastern U. S.. as it appears in 
the carls spring. (Courtesy Chicago Natural History Museum.) 


Mexico, there is a gradual transition from Brazil, trees may remain without foliage 

temperate to tropical types; and frequently for as much as a few months, undergoing 

the same genera, certainly the same families, a cycle of foliation much as do the deci- 

are represented in both tropical and tern- duous trees of temperate forests, 

perate localities. On the whole, tropical Temperate hardwood forests are apt to 
hardwood forests contain a greater diversity have lewer species represented and these 
of species (these seldom even approximat- usually moreS equent and better known 
ing pure stands) than do their temperate than th ose of tropj eal regions. These forests 
counterparts. The trees are for the most consist of the deciduous, broadleaf trees as 
part “evergreen," in the sense that ordi- the dominant type of vegetation, although, 
narily there is no dormant period during as has been previously mentioned, through 
the year of the kind Temperate Zone peo- much ol their extent there may be a scatter- 
pies are accustomed to see during the winter ing of Gynmosperms or even islands of 
months. The leaves are normally shed an- nearly pure stands of conifers. Frequently 
nuallv, however, but are replaced by new interspersed among hardwoods are several 
growth before shedding or almost inline- species ol pine, hquilock, and (in sunnier 
diately thereafter. In some tropical forests habitats) re^U cedar or juniper. Typically 
where a prolonged dry season exists, as is the hardwood trees shed their leaves during 
die case on the Pacific slopes of Central the colder portion of the year, remaining 
America or more markedly in northeastern dormant until the following growing sea- 
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son. Temperate hardwood foiests have lain 
in the path ol man's extensive and intensive 
civilization, and have been rather thor¬ 
oughly investigated and exploited. Whereas 
many tropical forests are yet to he explored 
and utili/ed bv man, the problem ol tem¬ 
perate hardwood lorests is now chiefly one 
of conservation and intelligent manage¬ 
ment. Many ol our country's piessing prob¬ 
lems arise from indiscriminate clearing of 
deciduous lorest lor agricultural purposes, 
sometimes where the land is suitable for 
nothing but forest. 

The extent and location of tropical 
hardicood forests. Zon and Sparhawk* 
estimate that almost half of the total forest 
area of the world, totaling some 3.638 mil¬ 
lion acres, is of the tropical hardwood type. 
As mentioned, much of this lorest is vet 

4 

unexploited and even unexplored. It con¬ 
stitutes the world's greatest reserve of tim¬ 
ber at the present time, a fraction of the 
earth's surface that yet remains primeval, 
unravaged by man's covetous hand. Future 
generations may well be thankful that the 
tropical jungle has so well resisted man’s 
repeated attempt at conquest. 



Most of the tropical forest area lies within 
the Amazon Valley of South America, and 
in Central Africa. Less extensive but sig¬ 
nificantly large tropical hardwood stands 
are also found in Malaysia and the large 
islands of the Far East. Typically these oc¬ 
cur in areas of unusually heavy rainfall, 
at low elevations. The abundance of mois¬ 
ture, the warm climate, and the year-round 
growing season combine to produce lush 
vegetation characteristic of the tropical 
rainforest, the “steaming jungle" of fiction. 
In spite of typically poor soils there, no 
temperate forest can produce in a given 
period of time as much vegetative material 
per unit aiea as does the tropical rain- 
forest. Wit hin a few short years, the forest 


Forest Resourc “ ol the World (few York: McGraw-Hill. 1923). 


forest m British Guiana, typical of the tropical 
hardwood lype. (Courtesy Chicago Natural Histon 
Museum.) 

can overwhelm man’s as yet feeble efforts 
to clear it. and can wipe out the scars of 
natural devastation. Much ol the life of 
the jungle exists far overhead in the tops 
of the forest giants. Many of the trees have 
never been felled by botanical collectors, 
and their leaves, (lowers, and fruits, borne 
high in the upper canopy unattainable 
I' 011 * the ground, remain unknown to sci¬ 
ence. Much work remains to be done for 
accurate appraisal or the tropical forests, 
and certainly many new species are vet to 
be discovered in the virgin lorests of Ama¬ 
zonia and other tropical regions. 
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The extent mid locution of temperate 
hard wood forests. Temperate hardwood 
forests, comprising only some Hi per rent ol 
lire total forest area of the world (1.201 
million acres, according to /.on and Spar- 
hawk*), occur in cast central North Amei ica 
and are scattered through the middle lati¬ 
tudes of Eurasia! In the United States, 
mixed hardwood-conifer forest is found 
from New England southward along the 
Appalachian range to middle Georgia, grad¬ 
ing westward into almost pure stands of 
hardwoods front Texas through Missouri to 
the Dakotas. Even in Iowa and other 
plains areas, lingers of hardwood forest 
extend up the river valleys and constitute 
the dominant type of vegetation there. 
Scatterings of hardwoods are found on the 
lower slopes in California, but are domi¬ 
nated by the conifers, except quite locally. 

By and large, the composition of our 
original virgin forest of the East and Mid¬ 
west has been severely altered by man. It 
is difficult to find in the entire eastern 
United States an area of significant si/e that 
has not been cut-over or thoroughly modi¬ 
fied through the introduction of livestock. 
Moreover, particularly useful trees such as 
white oak, black walnut, and hard maple 
have been selectively cut, leaving less use¬ 
ful weed trees to dominate much ol the 
forest area. In the past, white oak acorns 
were widely used by the Indians as food; 
today few Indians could exist in the eastern 
United States if they had to depend to any 
great degree upon acorns of the white oak 
as a winter food. Moreover, introduction of 
the chestnut blight has effectively eliminated 
the once abundant chestnut tree through 
all its natural range, from New England 
to Georgia and west to the Mississippi. In¬ 
deed, not only is most of the area formerly 
occupied by hardwood forests now perma¬ 
nently under cultivation, but the shrunken 
/ 

remains, altered in composition, are mute 


testimony to man's tremendous influence 
upon his environment—an influence, un- 
loi innately, that is too infrequently for the 
better. 

Forest abundance and types for the 
various continents. Africa. Although 
perhaps the most luxuriant tropical rain¬ 
forest known extends across the "midsec¬ 
tion" of the Dark Continent, in the vicinity 
of the equator, Africa is nonetheless not 
heavily forested as a whole. Only about 11 
per tent of the entire continental area is 
in forest, this being found chiefly in the 
Congo and adjacent areas within 20° north 
or south of the equator. A small, rather 
open or sparse forest belt, Holistically more 
like Europe than Africa (pine, cedar, oak), 
occurs in the Atlas mountain region, in 
extreme north and northwestern Africa. 
Other minor forest belts, often park-like and 
interspersed with savanna, and in any case 
less dense than those of the equatorial belt, 
are found in extreme southeastern Africa 
and on the island of Madagascar. Most of 
northern Africa consists of desert or semi- 
desert, grading through a belt of parkland 
and open forest into the equatorial rain¬ 
forests. The equatorial forest area appears 
to be shrinking in extent, owing to man¬ 
kind's proclivity for clearing and burning, 
combined with hot, drying winds from the 
Sahara during certain seasons of the year, 
favoring encroachment of savanna and 
desert. Most of south Africa and portions 
of central Africa are also in grassland and 
parkland, and are often severely cut-over 
or heavily grazed. Almost all of Africa s 
forest area, about 800 million acres, accord¬ 
ing to Zon and Sparhawk*. is of the typical 
hardwood type. In East Africa there is 
minor intermixture of conifers (Podocarpus, 
Juniperus), which at higher elevations 
produces subtropical Angiosperm-Gymno- 
sperm mixed forest. The principal kinds of 


ibid. 
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African timbers cut and marketed are die 
“mahoganies" (Khaya, Pseudocedrela, F.n- 
(undrnj)hnigma, of Melinceae; Aucoumen, 
Burseraceae; Afzelia, Legumhume: and the 
like) and other members of the Legit in i- 
nosae, Combrelaceae, Sinianibatene. and 
Euphorbiaceae. Notable as cabinet woods 
are ebony (Diospyros), black stinkwood 
(Orotea), black ironwood (Olru), African 
walnut (Lox'oa), and rosewood (Pterocar- 
pus). Locally very prominent or distinctive 
in the savanna transition belt are the bao¬ 
bab (Adansonin), with huge elephantine 
trunks, and various thornv or scrubby trees 

4 4 

such as Cambrel ion spp., Acacia spp. (A. 
arahica is the source of gun! arabic), and 
other Leguminosae (Parkin f Copaif era). In 
West Africa the oil pajin ( Elneis) is a valu¬ 
able element of the flora, and kapok or 
silk-cotton ( Ceibn ), abundant especially in 
second-growth forest, attains gigantic pro¬ 
portions in tropical Africa. In tropical tidal 
areas, mangrove (Rhizophora, a source of 
tannin) is locally abundant and econom¬ 
ically important. 

Thus Africa, on the whole not heavily for¬ 
ested (containing about 11 per cent of the 
world forest area), does possess relatively 
unexploited equatorial forests, a reservoir 
of timber and forest products for some time 
to come. Most of the forest land has not 
been settled, nor has it passed into private 
ownership, and except at the extremes (north 
and south) of the continent there is little 
forest regulation or conservational plan¬ 
ning. We can expect to prevail in Africa 
in the years to come, as it has in nearly all 
regions of the earth as civilization expands, 
the usual wholesale destruction of natural 
habitats accompanying exploitation. 

Until recent times there has been com¬ 
paratively little demand for wood in Africa 
other than for fuel (for river boats, domes¬ 
tic firewood). As is true for the tropics gen- 
erally/European colonists have in the past 
usually found it m ore pra ctical to import 



Log extraction road in the equatorial forest of the 
Gold Coast. Africa. (Courtesy British Information 
Service. From Utiasylva.) 


Temperate Zone timber for construction 
purposes than to organize production in the 
imperfectly known tropical forests of Af¬ 
rica itself. Marketing of African timbers 
has been restricted chiefly to valuable spe¬ 
cialized items (viz., “mahoganies”), but 
doubtless the future will see more and 
more utilization of Africa’s forest resources 
as impoverishment of Temperate Zone 
forests proceeds. The deficiency in Gymno- 
sperms or softwoods must of course persist 
in Africa, but doubtless species will be dis¬ 
covered in the huge rainforests of equatorial 
Africa that are more suitable to the Af¬ 
rican climate than are Temperate Zone 
woods. (Mahogany of the genus Khaya, for 

example, is scarcely subject to termite at¬ 
tack.) 

Asia. The forests of so vast a continent as 
Asia cannot well be described in general 
terms, for immense variations in climate 
and topography dictate that these forests 
will be of all types and dimensions. Thus 



Open stands of Juniperm cxcelsa on Lebanon Range. Syria. (Courtesy Military 

Service of Lebanon. From Vnasvlva.) 

we find that in Asia (including Ceylon, swamp and wasteland, and grading north- 
japan, and the East Indies) 13 per cent of ward into the treeless tundra; probably less 
the forests are of the coniferous type (these than 50 per cent (less than a half billion 
almost wholly in Siberia and adjacent acres) is of commercial timber value. Near 
China and Japan); 27 per cent are of the the northern limit of the forests, only those 
temperate hardwood type (these more scat- slopes of the divides that face south can 
tered, but chiefly in Siberia, China, Japan, support arborescent vegetation. Usually 
and Asia Minor); and about 30 per cent dominant are the conifers—pine, larch, fir, 
are of the tropical hardwood type (these and spruce. Mixed with the conifers, es- 
chiefly in India, the Malay area, and the pecially along the water courses, is a scatter- 
East Indies).* The coniferous forests of ing of hardwoods, primarily species of birch 
Siberia, comprising almost 800 million acres, and aspen. In southwestern Siberia, in the 
are relatively unexploited and have never Amur region, hardwoods (oak, (literals; 
been accurately explored or appraised. This corkwood, Pliellodendron; ash, Fraxinus; 
forbidding and sparsely populated region walnut, Juglans; basswood, Tilin) become 
affords little inducement to colonization, dominant over a significant area. The great 
and doubtless scarcity of labor, supplies, bulk ol these Siberian forests is in govern- 
and transportation will long delay complete ment hands, with probably less than 5 per 
exploitation of this one remaining world cent being privately owned, 
reservoir of softwood timber. So l.u as is To the south, in eastern Siberia and Eu- 
known, the Siberian forests are not of the ropean Russia, lie immense stretches of 
best quality, much ol the area being in prairie, grading southward into the deserts 

* I’crcJntages after /.on and Sparhawk, op. cit. 
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and semiarid regions of ihe Middle East. 
Scattered stands ol timber in the prairie 
are chieily softwood {predominantly pines), 
and, being more accessible, have in mam 
cases been severely depleted or entirely 
destroyed. In Turkey, Syria, and northern 
Persia, less than 15 per cent ol the land 
area is forested; usually hardwoods domi- 

i 

nate or the stands are ol mixed temperate 
hardwood-softwood type. South of central 
Siberia, in I urkistan and Afghanistan, are 
found hardwood stands at elevations below 
8,500 feet, with coniferous forests at middle 
and upper elevations. Mixed hardwood- 
softwood forest in narrow local belts is 
found here and there in Tibet and Mon¬ 
golia, finally culminating in the notable 
hardwood forest ol Manchuria and the 
Amur area previously mentioned. Central 
and southern China likewise has scattered 
belts of mixed temperate hardwoods and 

conifers, but is on the whole only about 12 

0 

per cent forested. Wholesale destruction of 
the forests of China during her long his¬ 
tory has practically denuded that unfortu¬ 
nate, overpopulated country, until today 
China mu st import limhri -tn meet her 
minimal needs. 

In West Asia, tropical hardwood forests 
occur only in isolated stands. In the pre¬ 
dominantly arid and treeless Arabia, some 
tropical hardwood stands are scattered along 
a coastal belt paralleling the Red .Sea; a feu- 
additional stands occur in eastern Arabia 
between the Persian Gulf and the Arabian 
Sea. All told, these constitute less than 2 
per cent of the land area of Arabia; they 
contain only a minor intermixture of Gym- 
nosperms. 

Farther east, in the mountainous region 
of northern India, considerable coniferous 
stands are found at the higher elevations. 
On the China side of the Himalayas, in 
the high plateau of southwestern Yunnan, 
are found both tropical hardwoods and 
conifers, including such familiar types as^ 



Teak, among (he most important of Asiatic tim¬ 
bers, at Madras in southern India. (Courtcsv Chi¬ 
cago Natural History Museum.) 


oak, ash, elm, chestnut, pine, fir, and 
larch; also prominent in this region are 
camphor and the unusual softwood Cun- 
n in glut mi a. In middle and southern India 
there occur scattered but prominent stands 
of tropical hardwoods, including the valu¬ 
able teak, Teclona, of the Ycrbnuucae . 
and many excellent genera of the I.egumi- 
nosae and Dipleroanpaceac said to be 50 
to 150 per cent stronger than the standard 
structural woods of Europe and America. 

Burma, Siam, Indo-China. and the Malay 
Peninsula are more richly endowed with 
forests of the same type as those of India. 
Roughly about 35 per cent of the land area 
is in forest. Primitive conditions in loggin g. 
t ^sportaji on J jaatdu ^)o,and_rin ;i nceha\ & e 
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The Burma Road, of World War II fame, winds ih rough the tropical hard¬ 
wood forests ol southern Asia. Pictured is the lii't convoy over the Ledo-Burma 
road. iCourlcsv \mcriian Forestry Association.) 


in the past been obstacles preventing signi¬ 
ficant exports from ibis timber-rich area. 
Woods utilized are principally ol the Dip- 
terocarffaceae. Much ol the lores! composi¬ 
tion has been altered because ol age-long 
habitation by man. during which the jungle 
has repeatedly reclaimed land once cleared. 
Although tvpicallv characteri/ed bv tropical 
hardwood forest, higher elevations, par¬ 
ticularly in Indo-China and Burma, may 
have conifers (Pimts inerkusii and P. kliasya. 
Podoan [jus sj>.) localh dominant. In the 


coastal tidal areas the mangrove, Rhi-O- 
phorti, of the Rhizoplimaceae, is of con¬ 
siderable economic importance, although 
last nearing extermination through overcut¬ 
ting. as is also, to a great extent, the cajeput, 
Melaleuca, of the Myrlaceae, ol the lowland 
swamps. All native forest operations in the 
Malay area have been carried on with an 
eve to immediate returns, and with scarce 
concern lor the future: the fact that exten- 
sive stands ol timber still exist is a tribute 

to the ability of rainforest climate to pro 

# 




Lo KR«ng tropical hardwood on Luzon in the Philippines. (Courtesy American 

Forestry Association.) 


duce luxuriant cover in spite of man. Some 
umrityTutempts at reforestation of valuable 
V^^££ies in the Malay area have been made 
by French authorities, reportedly without 
very marked success. 

Sumatra, Java, Borneo, the Philippines, 
and other islands of the East Indies are 
(or were) heavily forested, primarily with 
tropical hardwood forests in which genera 
of the Dipterocnrpaceue are dominant. 
About 50 per cent of this land area, taken 
as a whole, is in forests, although the for¬ 
ests are in many cases much altered by man 
(as, for example, by the extensive planting 
of rubber; or in heavily populated Sumatra 
and Java). Teak is one of the most im- 
^portant timbers produced, and constitutes a 
significant export item. East Indian islands 
under Dutch administration have shown an 
enlightened forest program, a rare excep¬ 
tion to the usual condition in most Asiatic 


countries. Japan and nearby Japanese pos¬ 
sessions run the gamut of forest types. To 
the north (Kurile Islands and adjacent 
areas) conifers such as fir, spruce, larch, and 
pine dominate. Farther south, the conifers 
grade into temperate hardwoods such as 
beech and oak. In the extreme south, in¬ 
cluding most of Formosa and the Ryukyu 
islands, tropical and subtropical forests of 
fig, camphor, bamboo, and other typically 
warm-climate genera occur. Japan is the 
sole Asiatic political entity in which pri-i 
vate ownership of forest lands has apj 
proached state holdings in quantity. J 
Asia as a whole must be considered an 
immense reservoir of potential timber pro¬ 
duction, simply because the continent is 
extremely large. (Although only about 22 
per cent is in forest, this area still con¬ 
stitutes more than 2 billion acres, as much 
as any other continent has and more than 
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Kami pine. A gat his australis, in New Zealand. 
Probably the best known tree of the island, but 
today largely cut. (Courtesy Chicago Natural His¬ 
tory Museum.) 


Africa, Europe, and Australia combined 
can boast.) Siberia alone, if intelligently 
mana ged anti opened to modern means, of 
jt ation, could probably su pply on a 
istained-vield basis the import timber re - 
iquirement of the entire world for some 
years to come. Unfortunately most of Asia 
is backward politically, educationally, and 
mechanically, and sustained-yield forestry 
is something not soon to come. We can ex¬ 
pect wholesale devastation of countless for¬ 
ests, as has already occurred in many of the 
overpopulated areas, to precede any ^irge - 
Vx scale pro g ram ol planned forestry. Very 
little of the forest land in Asia is privately 
owned, and over much of the continent it 
has not been accurately appraised or even 
explored. Princ ipal timber types are va - 
rious conifers from the northern forest 


belts (Siberia), and teak and various Dip. 
terocar paceae and Leguminosae from the 
tropic a 1 hardwood zones. Locally, a great 
diversity ol genera and species are eco¬ 
nomically important, in keeping with the 
great diversity in climates, elevations, and 
ecologic.il situations attendant upon so vast 
a continent. 

Australia and the Pacific Islands. 
Sparsely forested Australia and the heavily 
forested Pacific Islands (of which New 
Guinea has by far the most forest acreage, 
almost twice as much as Australia itself) 
together include less than f per cent of the 
world forest area. Less than (i per cent of 
Australia is forested, with what forests there 
are confined chiefly to coastal strips, es¬ 
pecially in east Australia, and consisting 
predominantly of tropical hardwoods (85 
per cent ol forest acreage, chiefly in Acacia, 
of the Leguminosae, and in Eucalyptus, of 
the Myrtaceae). The few conifers (chiefly 
“pines,” Araucaria and A gat liis) are scat¬ 
tered over inaccessible areas near the con¬ 
tinental margin ol the forest belts. 
Tasmania has both conifers and larger per¬ 
centages of temperate hardwoods; New 
Zealand, rapidly becoming deforested, is on 
the other hand primarily coniferous (Aga- 
tliis, Podocarpus), with some mixed forest 
of temperate hardwoods (including beech, 
Eagus). New Guinea, about 80 per cent 
forested, possesses about 1 GO million acres 
of luxuriant tropical rainforest, with Angio- 
sperms (including mangrove, Rhizophora, 
near the coast, and Eucalyptus in lowland 
groves: ebony, Diospyros, sandalwood, 
Santalum, and so on) dominating all except 
higher elevations near the center of the 
island. Most other Pacific islands are like¬ 
wise predominantly forested with tropical 
hardwoods. In the tropical hardwood forests 
the usual diversity of genera exists, with the 
Myrtaceae, Dipterocarpaceae, and Legumi¬ 
nosae being abundant and important. 

Most of Australia and the Pacific islands 
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is neither densely populated nor industri¬ 
alized. and the need for additional forests 
or forest types is not critical. Except in a 
fete provinces of Australia, annual incre¬ 
ment probably exceeds cut; in the case ol 
Australia, largely because of imports total¬ 
ing about hall the timber consumed 
(primarily coniferous structural timbers— 
coining, in the past, principally from New 
Zealand, North America, and Scandinavia).' 

Most forest land (about two-thirds) is state-/ 
% 

controlled, and some commendable forest 
programs have been initiated in Australia 
and New Zealand, including many planta¬ 
tions of exotic pine (Pinus radiata and other 
species). On the whole, the region can 
doubtless be self-sustaining, as regards hard¬ 
woods, but until habitual dependence upon 

softwoods ceases, it will likely continue to 

0 

import lumber from north temperate 
countries. 

Europe. The political divisions of Europe 
have been altered so rapidly and radically 
in the last few decades by two World Wars 
that it becomes nearly pointless to trace 
forest history within individual countries. 
Since World War II, political turmoil has 
further minimized the sanctity of sovereign 
borders, and we find Europe divided simply 
into "East" and “West." As far as forest 
resources are concerned, with the exception 
of Scandinavia, the East, under Russian 
domination, has all the best of it. Little 
has been published concerning postwar con¬ 
ditions in the forests of Europe; and, in the 
flux of political strife, the situation concern¬ 
ing ownership, private or state, has not been 
completely stabilized, especially behind the 
Iron Curtain in such countries as Poland. 
Yet, in spite of her small area and her own 
limited resources, Europe has inordinate 
influence upon world forestry conditions, 
in that Russia, Britain, France, and the 
Netherlands control (or until World Wat 
II did control) almost two-thirds of the 
forest acreage of the world. 


Europe herself is today about ‘51 per cent 
forested, containing about 900 million acres 
of Iorest land (some 10 per cent of the 
world forest area), roughly three-fourths 
ol which is coniferous. Originally and basi¬ 
cally, it was a heavily forested subcontinent, 

0 4 

but prolonged occupation by dense popula¬ 
tions has necessitated wholesale transfer of 
forest lands to productive agriculture. For 
example, the British Isles, as late as 400 
years ago still largely in forest, are now 
barely !5 or 4 per cent forested, with these 
forests mostly in the highlands of Scotland; 
Greece, known in ancient times to be mag¬ 
nificently forested, is now denuded of lim¬ 
ber trees except in a few remote, mountain¬ 
ous districts, resulting in impoverishment 
of the land and a great many concomitant 
social, economic, and political consequences. 
Only in Scandinavia and Russia, and in 
the more mountainous regions of central 
and southern Europe, do significant stands 
of timber still exist. It is probable that, 
outside of Russia, annual cut everywhere 
now exceeds annual increment; and that, 
with reforestation mostly in abeyance 
amidst Europe's postwar strife, her forest 
potential is probably further declining. 

No hard and fast geographical stratifica¬ 
tion of broad forest belts exists in Europe, 
for both Angiosperm and Gymnospernv 
timber occur at least to some extent in all 
countries. Coniferous forest acreage is about 
tinee times that of hardwood. In general 
the lowland areas, such as central and 
northern France, parts of Germany, and the 
now Russian-dominated areas of Hungary, 
southern Czechoslovakia, and northern 
Jugoslavia to south Russia, are chiefly in 
hardwood forests. The principal tree types 
are beech, Fagus, and species of oak, Quer- 
cus, with lesser quantities of maple, Acer, 
ash, Fraxinus, basswood, Tilia. and elm! 
Ulnnis. More mountainous regions and 
certain submaritime areas, such as southern 
France, central Germany eastward and 




A pure pine stand in Sweden. (Courtesy American Forestry Association.) 


northward to northern Russia, the alpine 
areas of and adjacent to Switzerland and 
Austria, and southern Jugoslavia, have pre¬ 
dominating stands ol conifers, in which the 
chief tree types arc pines {Finns: P. sylves- 
tris, particularly in northeast Europe), 
spruce (Picen) and larch ( Larix ). Between 
these areas are comparatively smaller belts 
of mixed conifer-hardwood forest, with 
pine, spruce, fir (Abies), beech, and birch 
(Betnla), usually being the more abundant 
genera. In extreme south Europe as in low¬ 
land Greece and Spain, evergreen hard¬ 
woods such as the cork oak. Pislncin, and 
olive ( Olea ) are found. Scandinavia (Nor¬ 
way, Sweden, and Finland) is traditionally 
noted for its forest resources, long having 
been a leading exporter of limbers and 
pulp. In Scandinavia are found the most 
heavily forested land areas ol Europe 
(Sweden is about 55 per cent forested; 
Finland, about 60 per cent), in spite of 


there being considerable waste acreage in 
swamp and lake. Most of Scandinavia has 
excellent forest climate—indeed, is unsuited 
for anything but forests. Principal tree 
types are birch and aspen (Pojmlus), in the 
extreme north; the more important pines 
and spruces, with an admixture of such 
hardwood t\pes as birch, aspen, willow 
(Sa/f.v), and cherry (Prunus), over most of 
Scandinavia; and beech and oak in the 
south. The Scotch pine, Finns sylvestris , 
and Norway spruce, Picen abies, are the two 
species principally responsible for the mag¬ 
nificence of the Scandinavian forests. 

Thus, industrialized and overpopulated 
Europe, once heavily forested primarily 
with Gymnosperms, but now with only 
about 10 per cent of the world forest area, 
finds herself todav underforested on die 

J 

whole and, except in the northeast, an 
importer of timber. Of the areas previously 
mentioned as containing hardwood forests, 









PRODUCTS FROM THE PLAS'T CELL WALL 


29 


perhaps less than 25 per rent of the actual 
land area is in forest. The percentage of 
coniferous forest area is somewhat higher, 
in that most ol it is comparatively inacces¬ 
sible. and also in that it includes the 
immense softwood forests of Scandinavia 
and northern Russia (some ol the latter 
being still virgin and scarcely known). But 
of all the continents. Europe has taken the 
most competent steps toward reforestation 
and forest management: Germany, lor ex¬ 
ample, probably increased her forest poten¬ 
tial between the two World Wars, while 
still cutting significant numbers of her own 
fees; and a number ol other countries have 
achieved balance between cut and growth. 
But industrial Europe, Germany and Eng¬ 
land in particular, have for many years had 
to rely upon large imports of timber and 
forest products, mainly from Russia and 
■Scandinavia. Ol all continents, too, Europe 
has the highest percentage of forest lands 
in private rather than state ownership, 
although state holdings of cut-over (cur¬ 
rently profitless) timberlands have been 
increasing. This development is particularly 
noticeable in Scandinavia, where forests are 
the chief source of national income. In 
years to come an industrialized Europe will 
doubtless be increasingly dependent upon 
forests in Russia. 

Mexico, Central America, and the 
West Indies. This tropical and subtropical 
area, situated between the large continental 
masses of North atid South America, pro¬ 
vides, in its forest types, a transition be¬ 
tween those typical ol the two continents. 
In general the flora is much like that of 
tropical South America, with many of the 
same genera, if not species, predominating. 
Mexico, however, the largest land mass of 
the region, possesses in its mountains and 
central plateau many genera and species 
common in the forest belts of the western 
United States. Throughout the region, 
tiopical hardwood forests dominate at lower 



A mnhoganv tree in British Honduras, one of tire 
world's premier timber trees. (Courtesy Chicago 
Natural History Museum.) 


derations, usually grading through a nar 
row deciduous hardwood belt at moderate 
elevations to coniferous forests at high 
elevations. 

The dense tropical hardwood forests ex¬ 
tend more or less uniformly from coastal 
areas of middle Mexico through Tehuante¬ 
pec, northern Guatemala, and British 
Honduras to Panama, except at the high 
elevations prevailing principally in central 
Guatemala, Honduras, and Costa Rica 
Over most of the West Indies this same 
general forest type likewise prevails. The 
stands are typically luxuriant, with many 
diverse genera and species; there are no 
Pure stands of any great extent. Mangrove 
swamps, chiefly of RUizophora, are, however, 
very common in tidal zones throughout the 
area. The more important timber trees 
include: mahogany, Swietenia, and "cedar," 
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Ccdrvla . ol the Mclincrar: logwood. Hne - 
mnlox\lon. rosewood, Dalbngia, and Ente- 
Yolohnn/i . Pithcfolobnnn. Caesalfdnia . An - 
dm/, (iliricidia. Hymenacn . and others, ol 
the Leguminosae; I list ic. Chlnm/thora . ol 
the Moracrar; lignum vitae. ( iuaiacum . ol 
the Zv gopliyllaceae; Calycopliylliim. ol the 
Rubiuceae; aceitillo, Zanthoxylum, ol the 
R 11 tin ene; and a steal many other genera, 
and families. Mountainous or highland 
regions, such as prevail in much ol western 
Mexico, central Guatemala, southern Hon¬ 
duras, central Costa Rica, western Cuba, 
and parts ol Haiti, usually contain coni¬ 
ferous genera at higher elevations and 
mixed forest at lower elevations, with 


course ol lorest regulation, although this is 
somewhat a case of locking the barn after 
the horse has been stolen, since for several 
centuries cutting (for firewood, at least) and 
clearing have gone on under primitive con¬ 
ditions and by wasteful methods. Moreover, 
there is some question whether the rural 
population ol Mexico can be e ducated to 
cooperate in a long-range polic y lor foresj 
/preservation or Improvement' 

Central America, except locally in the 
high central mountains and in the narrow 
savanna belt of the Pacific slope, is heavily 
forested with the tropical hardwood forest 
previously mentioned (better than 60 per 
cent of the total land area). At higher eleva- 


several oaks, Quercus, most prominent 
among the hardwood species. Of the coni¬ 
fers, several species of pine, Pinus, are of 
primary importance, although Cupressus, 
Abies, Taxodium, and even Pseudolsitga 
(Mexico) are reported of significance. 

Mexico as a whole is comparatively 
sparsely forested. Immense areas of north¬ 
ern, northeastern, and central Mexico arc 
desert or semiarid, lacking forest, or with 
only a sparse scrub forest (particularly 
mesquite, Prosopis, of the Leguminosae). 
Perhaps a bare 15 per cent of the total land 
area is timbered, and a fair part ol this is 
not of commercial value. In the western 
mountains and the southern "meseta cen¬ 
tral," the very important pine forests are 
found. In the coastal and eastern lowlands, 
typical tropical hardwood lorest prevails. 
In spite of abundance of forests in many 
localities, other sections of Mexico are 
deficient in timber, and the paradoxical 
practice of exporting large quantities of 
timber while importing much finished lum¬ 
ber, primarily from the United States, pre¬ 
vails. The rather dense population ol cen¬ 
tral Mexico has reduced the extent of the 
pine forests, but significant economic stands 
are still being exploited. Official Mexico 
has in recent years pursued a commendable 


lions pines and other conifers are dominant 
and important, but not extensive and ac¬ 
cessible enough to offer much commercial 
interest. Some localities, such as southeast¬ 
ern Panama (Darien) are relatively un¬ 
explored, while others are densely popu¬ 
lated and mostly cut-over. Here, as every¬ 
where, there is roughly an inverse correla¬ 
tion between density of population and 
persistence of the forest. Once-forested Sal¬ 
vador, central Costa Rica, and, in the West 
Indies, Jamaica, Puerto Rico, and most of 
Cuba and Haiti, are today practically devoid 
of forest. Nor is there, in most cases, any 
effective attempt at conservation of remain¬ 
ing forest areas or at reforestation. In 
populated areas much of the land is pri¬ 
vately owned, but title to most lorest lands 
throughout Central America is vested in the 
state. 

# 

The West Indies have much the same 
basic lorest type as does Central America, 
with the same genera and often the same 
species predominating. As in Central Amer¬ 
ica, coniferous stands, mostly pine, are com¬ 
paratively rare, and pure stands are small 
in extent, being confined chiefly to moun¬ 
tainous areas ol Cuba, the island of Haiti 
(including the Dominican Republic), and 
the larger Bahama Islands. The denudation 


PRODUCTS FROM THE Pf.AXT CELL WALL 


31 


of once rich forest land is particularly 
serious in much of the West Indies, where 
dense populations have existed for centuries, 
often on a hand-to-mouth basis. Until re¬ 
cent times, little or no forest regulation or 
management has been attempted, nor is the 
outlook for a future of adequate timber 
area encouraging. 

In summary, the scattered territory em- 
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braced by Mexico, Central America, and 
the West Indies was once richly forested, 
but has now been extensively cut-over, 
except lor large, lowland, tropical hard¬ 
wood tracts, some of them little known. 
The forests have mostly been exploited for 
immediate profit, often by foreign capital. 
Recent years, however, have seen an en¬ 
couraging trend towards more intelligent 
management of the land in Latin America. 
The Mexican government; the inter-Amer¬ 
ican institute in Honduras, sponsored by 
the United Fruit Company; the Soledade 
experiment station in Cuba, sponsored by 
Harvard University; the cooperative inter- 
American government stations, such as the 
one at Turrialba, Costa Rica, staffed with 
U. S. Department of Agriculture personnel, 
working primarily with rubber; and a num¬ 
ber of other educational programs through¬ 
out tropical America-all offer hope for 
betterment. 

Souih America. Typical of regions 
largely tropical and of the Southern Hemi¬ 
sphere, South America is particularly rich 
in tropical hardwoods; it is only rather 
locally forested with softwoods and temper¬ 
ate hardwoods. The extensive tropical 
“jungles" of the Amazon basin and eastern 
coastal Brazil, coupled with heavily forested 
areas extending from south Brazil and 
Argentina to Bolivia and along the Andes 
Mountains, make South America the most 
heavily forested of all continents. Almost 
45 per cent of the land area is in forests, 
with a tot al forest acreage approximately 
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equal to that of the much larger continent 
of Asia (more than two billion acres, accord¬ 
ing to Zon and Sparhawk*). This acreage 
constitutes about 28 per cent of the total 
forest area of the world. 

I he Amazon Valley forest, extending 
from about 12° W. on the Atlantic coast 
into the foothills of the Andes as far as 
78° W., and from nearly 20° S. in Bolivia 
to the Atlantic coast of Colombia, Vene¬ 
zuela, and the Guianas about 10° N. of the 
equator, forms the largest unbroken forest 
belt in the world. Within this vast area of 
well over a billion acres of "jungle" land are 
found about 5,000 species of trees, includ¬ 
ing many still unknown to science. A num¬ 
ber of these are commercially valuable, and 
as many others are yet to be profitably 
utilized. 1 ypical of tropical forests, this 
belt is wanting in pure stands, and exploi¬ 
tation has been chiefly of selected specialty 
species. Particularly useful are certain mem¬ 
bers of the Leguminosae (t’ouacapnua. 
Andira, Pipladenia, Copaijera, Apuleia, 
Peltogyne, Dalbergia, Machaerium, Hyme- 
naea. Plalymiscium, Enlerolobium); Melia - 
ceae (Carapa, Cedrela); Lauraceae (Ncctan- 
dra, Ocotea), Bignoniacene [Tabebuia — 
Tecoma?); and Euphorbiaceae ( Hevea , 
Hura, Heironyma). In addition, useful or 
potentially useful species can be found rep¬ 
resenting practically any family of woody 
Angiosperms. 

Vet little has been done to utilize the 
forests of Amazonia, aside from the well- 
known rubber exploitation and local spe 
cialized timber production for export. The 
reason for this is apparent, for nowhere in 
the world is there a comparable region so 
little explored, so poorly populated, and so 
unamenable to exploitation. Except for 
precarious and expensive river travel, no 
transportation of consequence is known to 
the Amazon country. Some of the land is 
still in the hands of hostile Indian tribes; 




Riverine tropical rain forest. (From Martins’ Flora Rrasilirnsis. Courtesy Clnonira 

llot/mica.) 


and what settlements there are. are of 
isolated families, poor in health and ambi¬ 
tion, eking out an uncertain existence in a 
continuous struggle against encroaching 
jungle and environmental hazards. Thus, 
with labor as well as materials and supplies 
expensive or lacking, no large-scale profit¬ 
able exploitation, except under "boom,” 
conditions, has been possible. 

One still finds much of Amazonia almost 
as little known today as it was 300 years 
ago, with no immediate likelihood of being 
“developed" by man. What forest regula¬ 
tions as exist are unenforceable; and the 
illiterate population can be concerned solely 
with the immediate daily problems of secur¬ 
ing food and safety. Yet there has recently 
been organized a cooperative Amazon Val¬ 
ley “Authority," supported principally by 
Brazil, with Unit'd States grants and aid, 
which is endeavoring to inaugurate a policy 
of "living with” the jungle rather than 


continuing the traditional practice of strug¬ 
gling against it in order to extract from it 
quickly all possible wealth and then move 
on. 11 conservatively practiced, such a policy 
will doubtless be efficacious in gradually 
opening this arborescent empire to per¬ 
manent settlement, but the labor shortage 
will remain a formidable hindrance to 
exploitation for some decades to come. 

Similar to the forests of Amazonia are 
those of the narrow coastal belt of eastern 
Brazil, which extend inland for as much as 
200 miles and southward from the north¬ 
eastern lip ol Brazil, around Brazil’s south¬ 
ern bulge, to Rio de Janeiro and Sao Paulo. 
In some sections, such as in southern Bahia 
and Espfrito Santo, the forests have been 
scarcely touched. Elsewhere, as along rail 
lines in northern and eastern Brazil and 
throughout the state ol Sao Paulo, the land 
has been utterly denuded of trees. In this 
portion ol Brazil, considerable attention has 
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Paran.-i pine forest, Araucaria brauliaiia. in the State of Paran.t Brazil. fCourtesv 

Chronica Rolanica.) 


been given the flora, and much more is 
known concerning vegetational types and 
their ecology than is the case in Amazonia. 
Principal genera found include Aspidos- 
perma, of the Apocynaceae; Couralari and 
Lecylhis, of the Lecythidaceae: Astronium, 
of the Anarardiaceae; and most of the 
genera previously mentioned as important 
in the Amazon area, especially those of the 
Leguminosae. Adjacent to and inland from 
tropical hardwood coastal belt is found 
semiarid “sertao" country, especially in 
northeastern Brazil. In these semiarid re¬ 
gions, palms frequently dominate, and they 
often constitute a main source of income 
for the population. Important genera of 
the Palmaceae are Orbignya, the ‘•babassu”; 
Copernicia, the “carnauba"; Cocos , the 
“ouricuri”; and Attalea, the "piassava.” 
Interspersed with the abundant palms and 


forming a transition to the interior plains 
of Goyaz and Mato Grosso are scattered 
scrub forests, the “caatinga,” in which 
various Euphorbiaceae and Leguminosae 
usually predominate. 

In southern Brazil, extending from Sao 
Paulo to Paraguay and south to the state 
of Rio Grande do Sul, is found the only 
important Gymnospermous forest of South 
America. Here the distinctive Parana pine, 
or “monkey-puzzle” tree, Araucaria, domi¬ 
nates, and up to the present has been the 
most important lumber source in South 
America. To the west of the Parana pine 
stands is found further tropical hardwood 
forest, including among its species the 
famed Paraguay tea, “yerba mate” (Hex, 
of the Aquifoliaceae), and west of the Para¬ 
guay River the open “quebracho" (Schinop- 
sis and related genera of the Anacardia■ 















Hauling logs with oxen in less developed rain forest area. Par.1. Brazil. (Courtesy 

Chicago Natural History Museum.) 


ceae) forests of the chaco region, so impor¬ 
tant as a source of tannin logs. 

Forests of the northern Andes differ 
comparatively little from those of Ama¬ 
zonia, but at higher elevations become 
rather open and of local importance only. 
Quinine, Cinchona, of the Rubiaceae, is 
one of the important trees of this area, as 
is also the balsa. Ochmma, of the Bomba- 
caceae. Tidal areas, particularly in Ecuador, 
Colombia, and the north coast, possess 
abundant stands of mangrove (Rliizopliora 
and other genera). Southward, in the south¬ 
ern Andes, the northwestern states of 
Argentina harbor rather poor, open, semi- 
arid forests similar to those of northeastern 
Brazil. Prominent genera ol the more moist 
localities include Cedrela, of the Meliaceae; 
Calycophylhim, of the Rubiaceae; Ocotea 
and Nectandra, of the hiuraceae; Macliae- 
rium, Ripladenia, and Enlerolobium, of the 
l.eguminosae; Tabebuia, of the Bignonia- 
ceae; in the drier belts occur many Legu- 


minosae (Prosopis, Acacia, Caesalpinia); 
Celtis, of the Ulmaceae; and Zizyphus, of 
the Rliainnaceac. In the extreme southern 
Andes, south of 36°, occur rather poor, 
scrubby, slow-growing forests of the rough 
mountainous areas; there are found the 
Gymnospermous genera Araucaria, Fitzroya, 
Libocedrus, and Podocarpus. Most promi¬ 
nent among the hardwoods are the “beech,” 
Notliofagus, of the Fagaceae; and in Tierra 
del Fuego and Patagonia, the “magnolia,” 
Drimys, of the Magnoliaceae. 

Thus South America as a whole is ex¬ 
tensively forested, and is a potential ex¬ 
porter of large quantities of forest products 
to Europe and, in a lesser degree, to North 
America and Africa. Only portions of the 
pampas of Argentina and Uruguay, the 
Pacific coast of Chile, Peru and the high¬ 
lands of Bolivia, and northeastern Brazil 
are inconvenienced by lack of sufficient 
local timber. South America is notably poor 
in coal resources, so that wood has been the 
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Western coniferous forest of the United States. Chester. California. (Courtesy 


Caterpillar Tractor Co.) 


primary fuel utilized during -fOO years of 
colonization. As a result, many of the forests, 
particularly the scrubby, marginal, semi- 
arid forests of northeastern Brazil and those 
of Sao Paulo, have been severely depleted 
to provide fuel (charcoal and wood) for 
cooking, for running the few rail lines, for 
powering steamboats, and even for provid¬ 
ing electric power to the large coastal cities. 
Perhaps even the climate has been alerted 
for the worse because of extensive cutting 
of scrub forest protecting the watershed in 
regions where water is always the limiting 
factor to life, animal or vegetable. More¬ 
over, many of the uneducated peoples of 
the interior regions wantonly set fire an¬ 
nually to any grassland or scrub forest dry 
enough to burn. 

Most of South America's forest land is of 


the tropical hardwood type, inaccessible 
and inadequately populated for profitable 
exploitation. 1 here logging methods are 
extremely primitive, involving hand felling, 
sawing, and hewing, and transport by oxen 
to boom-less, wood-burning railroad spurs. 
(The Parana pine belt on the other hand 
is logged by modern methods.) As vet no 
forest program is practicable in the unde¬ 
veloped areas, and what few regulations 
exist are unenforceable there. Very little of 
the forest land is privately owned, Argen¬ 
tina being the exception in this respect, 
and some of it, although nominally state 
property, is even held by hostile Indian 
tribes. In contrast to the abundant hard¬ 
woods, softwoods occur in merchantable 
quantities only in the Parana pine belt of 
southern Brazil and to a minor extent in the 
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This map shows that nearly 
a third of our country consists 
of forest lands. It tells you 
where we obtain our principal 
crops of trees and where the 
leading hinds grow. 


Forest hells of the United States. (Courtesy Trees for Tomorrow.) 


Chilean and Argentinian south Andes. Con¬ 
siderable reforestation has been practiced 
in south Brazil (Sao Paulo) and Argentina, 
usually with exotic species (mostly Eucalyp¬ 
tus). Except in heavily and long-populated 
localities, the forest potential of South 
America has been little touched. The con¬ 
tinent, in spite ol the fact that it still 
imports (cheaper) temperate lumber and 
paper pulp, is in a very favorable position, 
geographically and economically, to derive 
considerable benefit in years to come from 
utilization and export ol forest resources. 

Uni t i n S i A i l s and Canada. Forest stands 
and forest produc tion in the United States 
and Canada are ol considerably more in- 
terest and importance to the American 
student than those ol other continents and 


countries. Therefore, a more detailed dis¬ 
cussion of North American forests north of 
Mexico will be given in Chapter 1 and sub¬ 
sequent chapters; here an effort will be 
made merely to epitomize the situation as 
a whole for comparison with that of other 
continents and in order to round out the 
general discussion. 

Forests of North America are predomi¬ 
nantly of the softwood type, and constitute 
slightly less than 20 per cent of the world’s 
forest acreage. Of the six forest belts of the 
United States, four are coniferous; the most 
important forests of the United States to¬ 
day are those west of the Great Plains, and 
these are all coniferous. Of the eastern 
forest regions, a broad belt from the Mid¬ 
west, extending east and northward to New 
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England is in hardwood cover, this con¬ 
stituting some 38 per cent of the forest area 
of the country. All told, the United States is 
about 2<> per cent forested: this percentage 
is decreasing daily, since annual cut far 
exceeds annual increment. Canada is about 
23 per cent timbered, almost exclusively 
with softwood types. 

The United States and Canada are the 
premier lumber-producing countries of the 
world today, not onlv because they are en- 
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dowed with a rich heritage of forest land 
(which today, however, is approaching 
exhaustion), but because modern mecha¬ 
nized means of logging and milling can 
produce timber products in unprecedented 
quantity. Some mills of the Pacific North¬ 
west have sawed more than one million 
board feet of lumber in a single day. When 
this performance is compared with that of 
hand logging and even hand sawing in many 
unmechanized, chiefly tropical, regions, it 
is easy to see why North American lumber 
has been able to invade foreign markets, 
even when these are protected by high 
tariffs. 


In contrast to the situation in most other 
continents, the forest lands of North Amer¬ 
ica are to a great extent privately held. It 
is onlv within the last few decades that the 
federal government, realizing the immi¬ 
nence of forest exhaustion, has assumed 
the responsibility of establishing extensive 
national forests. A great deal of forest 
research has been carried on, anil efforts to 
reseed and replant have been initiated. 
Significant funds have also been provided 
for fire control and other forest services. 
The internationally known Forest Products 

J 

Laboratory at Madison, Wisconsin, has con¬ 
ducted intensive and extensive research on 
how to utilize our forests more intelligently 
and less wastefully, for the time has come 
when a nation once prodigal of her forest 
wealth must now begin to husband her 
resources. The United States has for decades 
been the world's greatest consumer of lum¬ 
ber, as well as the foremost producer: the 
per capita consumption of North America 
is about five times that of any other con¬ 
tinent, and yet North America remains a 
significant exporter of timber. 
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CHAPTER 4 


The Forest Belts Of North America 


We of the united states of America 
should he particularly interested in the 
forests of our own country and of Canada. 
Colonization of the continent was abetted 
by the luxuriant, verdant forests of this 
portion of the New World; and the early 
economy of the struggling, independent 
thirteen states was intimately dependent 
upon forests and forest products. To the 
colonists, the virgin forests were an only 
source ol building stuff, provider of game 
and shelter, a natural resource of value for 
export—and at the same time an “enemy" 
to be felled and burned in order to make 
way for the planting of crops. 

It is likely that without the independence 
of spirit a forest environment fosters-or, to 
phrase it differently, without the lack of 
dependence upon others that a forest en¬ 
vironment permits—early America might 
have reckoned differently about the wisdom 
of severing herself from the Old World, and 
history might have followed a diflerent 
course. Colonization eventually spread west¬ 
ward through the friendly and familiar 
forest regions, and not until our forefathers 
came upon the more arid Great Plains was 
it necessary for them to learn a new way of 
life—a way ol life not known in the tradi¬ 
tions ol the Old World, where civilization 
had for the most part developed on an 
oiiginallv forested continent, producing a 


people accustomed to cultivating forest 
soils formed under a canopy of trees since 
long before the dawn of history. America 
is fortunate to have had the plains and the 
cooperative, hardy peoples they have bred; 
but she is equally fortunate to have had 
her forests, in which an isolationist could 
live out his life independent of the rulers 
of the world. 

The Great Plains, then, separate North 
America into two natural forest areas, an 
eastern and a western. The eastern forest 
area, of much historic importance, is today 
largely exhausted; most of the annual tim¬ 
ber cut is now produced by the western 
forests of the United States and Canada. 
Yet considerable second growth, sometimes 
on abandoned farm land, is keeping the 
eastern forests commercially important. 

Both eastern and western areas can be 
geographically and botanically subdivided 
to form six forest belts of the United States 
and Canada, as follows: 

East 

1. Northern Coniferous Belt. In the 
United States, extends from New England 
westward to the Great Lakes and Minne¬ 
sota, but it is chiefly Canadian; in the north 
it is transcontinental, merging with the 
western forests in northern Alberta and on 
to Alaska. It includes about 123 million 
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Principal forest types of the United States. (Courtesy U. S. Forest Service.) 


acres of commercial forest land, containing 
about 170 billion board feet of hardwoods 
and softwoods. 

2. Deciduous Hardwood Belt. Extends 
from New England (mostly as mixed stands) 
southward and westward to northern Geor¬ 
gia, northeastern Texas, and southern Min¬ 
nesota, the higher elevations of the 
Appalachians excepted. It also occurs along 
watercourses in the plains region, and in 
Canada to the southeast of die Great Lakes 
(southern Ontario and the St. Lawrence 
Valley). This deciduous belt contains ap¬ 
proximately 48 million acres of commercial 
forests, which account for about 50 billion 

board feet of timber, almost entirely hard¬ 
wood. 

3. Southeastern Coniferous Belt. Extends 
from Virginia southward to Florida east of 
the Appalachians, and westward through 
southern Georgia, Alabama, Mississippi, 
and Louisiana to Texas. This belt contains 
at least 185 million acres of commercial 
forests, accounting for nearly 250 billion 


board feet of timber, of both softwood and 
hardwood types. 

4. Subtropical Evergreen Hardwood 
Belt. Of very minor extent; includes south¬ 
ern Florida and portions of the Gulf Coast 
west to Texas. 

West 

5. Rocky Mountain Coniferous Belt- 
Embraces all forests of the Rocky Mountain 
area, extending from Mexico north to 
Canada, where it fuses with northern and 
Pacific coniferous belts, and westward from 
the Great Plains to the arid Great Basin of 
Nevada and portions of adjoining states. 
It includes nearly 100 million acres of com¬ 
mercial forest land, containing a few bil¬ 
lion board feet of timber, almost exclu¬ 
sively softwoods. 

6. Pacific Coniferous Belt. Extends from 
southern California northward along the 
coast and Sierra ranges, through western 
Oregon, Washington, British Columbia, 
and the Yukon, to Alaska. It includes nearly 
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Open row'll eastern white pine. Linus strobus. A 
lone survivor of logging and lire, valuable as a seed 
tree but of little use for lumber because of its many 
limbs. (Courtesy l’. S. Forest Service.) 

50 million acres of commercial forest land, 
containing more than 600 billion board 
feet of timber, almost wholly softwoods. 

In the following pages, each of these 
forest belts will be taken up individually 
and analyzed for important species, prin¬ 
cipal wood products produced, and present 
and potential usefulness. 

» 

1. Northern coniferous forests. The 

northern coniferous forest is not, of course, 
exclusively forested with Gymnospermous 
species. Scattered among the predominating 
softwoods can be found a number of hard¬ 
wood genera, principally aspen, Populus, 
birch, Betula, beech, Fagus, and maple, 
Acer. (These hardwoods will not be dis¬ 
cussed under the present heading, however, 
lor ill occur southward in the deciduous 


hardwood belt as well, and so will be con¬ 
sidered along with the other hardwoods of 
that belt.) The usual limitation to the 
variety of genera and species, characteristic 
ol Gymnosperm forests in contrast to an 
Angiospermous flora, holds true, thus per¬ 
mitting economi cal lumbering <>l a la rge 
number of a given type of tree; in some 
localities nearly pure stands even occur. 
The principal genera found are: the pine, 
Pi mis (with four important species: P. 
strobus, P. resinosa, P. bonksiunn, P. rigida); 
the larch or tamarack, Larix (with a single 
eastern species: /.. laricina); the spruce, 
Picea (with three important native species: 
P. rubens, P. glauca, P. mariaiui); the hem¬ 
lock, Tsiiga (with a single important species: 
T. canadensis); the fir, Abies (with a single 
important species: A. bqlsamea); the arbor- 
vilae, TIntja (also with a single important 
species: T. occidentalis). 

The Pines. The genus Pinus is divided 
into two categories, the red or hard pine 
group and the white or soft pine group. 
These groupings can be readily separated 
in the northern coniferous forests in that 
the only soft pine native there has five 
(rarely four) needles per fascicle, whereas 
the hard pines have two (or in one eastern 
species only, three) needles per fascicle. Of 
the nine or more pine species of the north¬ 
ern coniferous belt, four are important 
enough to merit brief discussion. 

Pinus strobus, the white pine. Perhaps 
the most famous pine in the history of the 
United States, the eastern white pine orig¬ 
inally occurred in extensive, often nearly 
pure, stands from the New England sea¬ 
board west in the northeastern United 
States and southern Canada to Minnesota 
and the Great Lakes states, and southward 
at high elevations in the Appalachians as 
far as northern Georgia. It has been said 
of the virgin-stands of this pine that a squir-_ 
rel could run a squirrel’s life exclusively 
through white pine and never have to come 
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to ground. While pine was highly prized 
for masts of the sailing ships of the Royal 
Navy while northeastern America was still 
a colony. In fact, penalties for the cutting 
of this towering pine on the royal pre¬ 
serves was one of the minor irritations that 
cumulatively caused the rebellion of the 
colonics and the birth of a new nation. 
After this successful rebellion, it was chiefly 
exploitation of the white pine that sent 
colonization westward as far as the Wis¬ 
consin Territory. For more than a century 
thereafter white pine remained the most 
cut, most used, and most prized timber in 


the New World. Only the twentieth century 
has seen this once great pine fall into a 
position of secondary importance, with final 
cutting-over of a great forest, and with the 
introduction from Europe of the deadly 
white-pine blister-rust. But in spite of man 
and disease, white pine has reseeded itself 
over parts of its original range, and today 
second-growth stands approaching cutting 
maturity offer brief respite to a fading eco¬ 
nomic species now less than one-fiftieth as 
abundant as in pre-Columbus America. 

The versatile white pine lumber has been 
used for every purpose, from ship’s mast to 
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matchstiik. Ease of working and lack of 
resin have made it especialh suitable for 
window sashes, inte rior ji nislt. pa tter ns, 
boxes, and nates. White pine lumber on 
the market today comes chiefly Irom Pinus 
s holms' western relative, /'. nwnticola, al¬ 
though the eastern white pine is still of 
fair importance. Some reforestation has 
been attempted with Pinus stmbus, both 
in America and Europe, but the omni¬ 
present white-pine blister-rust makes such 
planting a financial risk. P.slrobus is known 
as a fast-growing conifer, tolerant ol com¬ 
petition but demanding a comparatively 
good soil environment. Heine, repeatedly 
logged or burnt-over white pine land is apt 
to be invaded by the less desirable jack pine 
(and ultimately by red pine) until the -soil 
is once again built up to the more exacting 
standards ol P. si mbits. 

Pinus resinosa, tlir red pine or Norway 
pine. Ehis hard pine has essentially the 
same range as the more sought-after white 
pine, except that it is not found in the 
Appalachians south ol Pennsylvania. Never 
as common as white pine, it has neverthe¬ 
less been logged with P. stmbus and has 
suffered much the same sort ol depletion. 
Densest stands probably occurred and still 
occur in the Lake States. It is a species be¬ 
coming more and more used in refor¬ 
estation, and in recent years an intensive 
campaign has been undertaken to secure 
seed in quantity for nursery stock. (The 
Wisconsin Conservation Commission in 
1918 offered the unusual price ol $8.00 per 
bushel for ripe Norway pine cones.) Red 
pine wood is heavier than white pine, and 
may be used for general constructio n^mill 
work, crates, tics, pulp,'and so on. In'tol¬ 
erance and inits soil demands, the species 
is intermediate between the jack and white 
pines ol the same range. 

Pinus banksianu, the jack pine. I he jack 
pine is the most northern of all American 
pines, and its east-west range through 


Canada is practically transcontinental. In 
the United States it is common in the 
northern Lake States; in Canada it is fre¬ 
quent from the Atlantic Ocean and Hudson 
Bay northward to the Arctic Circle and 
westward about 2,500 miles to within a few 
hundred miles of the Pacific Ocean. In¬ 
deed. it is a representative species of the 
northern coniferous forest. In usefulness 
the jack pine is a decidedly inferior species. 
A colonizer of open, sandy barrens, and 
frequently stunted towards the northern 
limits of its range, the jack pine usually 
has twisting, gnarled trunks with many per¬ 
sistent low branches, unsuitable for any 
quantity of clear lumber. The species is 
finding increasing use, however, as a j^ul]) 
wood, locally for rough lumber and fuel, 
"anti for cra tes and slack cooperage. Jack 
pine thrives on poor sandy soils incapable 
of sustaining the more desirable pines. It 
is thus important as a colonizer, building 
up run-down soils until these permit inva¬ 
sion by the more valuable species. It is very 
intolerant of shading, and is seldom found 
in prominent association with other pine 
species. 

Pinus^rigida, the pitch pine. Pitch pine 
is a species exclusively of the East, being 
found along the Atlantic coast ol the United 
States from Georgia north through New 
England, but not west of Ohio or of eastern 
Kentucky and Tennessee. As might b^ 
guessed from its common name, the species 
is v ery resin ous; in pr erevolut i onary times 
it was a source of pitch (tar and turpentine^ 
1'he wood makes a hotlire, and at one time 
was frequently used to Tire steam engines. 
The wood is said to be durable under con¬ 
ditions of alternate wetting and drying, 
and was used in colonial times to make 
yyatpr wheels for the grist mill s. A small, 
straggly tree, the pitch pine is today com¬ 
paratively unimportant economically, but 
can be used for rough construction, props, 
feme posts, crating, and pulp. 
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Larch or Tamarack. A single species of 
tamarack, Larix laricina, is native to the 
northeastern coniferous forest. Its extensive 
range is almost identical with that of the 
jack pine, extending from all of eastern 
Canada northwestward to the Arctic Circle 
and Alaska, and southward in the United 
States through New England and the Lake 
States as far south as West Virginia. It is 
the only northeastern conifer with annually 
deciduous leaves. Characteristically, it grows 
in swampy areas where competition is less 
severe, for the light requirements of tama¬ 
rack are unusually high. The wood is 
durable in contact with soil, and con¬ 
sequently it has been much used for posts, 
ties, and sills. In the days of wooden ships, 
"knees” formed by the abrupt horizontal 
growth of tamarack roots on shallow soils' 
were much sought for joining ribs to deck 
timbers. T amarack bark has been used as 
a source of t annin. Seeds of the species are 
being sought to establish nursery stock for 
reforestation, the Wisconsin Conservation 
Commission offering $10.00 per bushel for 
ripe cones in 1948. 

I he Spruces. The spruce genus, Picea, 
contains about forty species, most of them 
Asiatic. Three species are native to the 
northeastern coniferous forest; all three are 
of at least moderate importance. 

Picea rubens, the red spruce. This spruce 
is restricted to the East being found in 
southeastern Canada and New England and 
southward along the Appalachians as far 
as North Carolina. The species is the most 
favored pulpwood throughout its range. 
It is also important as a timber tree, being 
stiff and strong while relatively light in 
weight. It is much used to make lad der rails, 
paddles and oars , and sounding boards for 
musicalJ.nstrui^ents. (First-class stock for 
the latter, however, has become exceedingly 
rare.) In addition it is often utilized for 
foo d c ontaine rs, since it imparts no ob- 
iectionaBle taste or odor to foodstuffs; and 


small trees are often cut for Christmas trees. 

Picea glauca, the white spruce. White 
spruce is found much more extensively 
throughout the northern coniferous forest 
belt than is red spruce; it occurs from Lab¬ 
rador, Newfoundland, and New England 
westward and northward through the Lake 
States of the United States and most of 
forested Canada to Alaska. Thus, with jack 
pine and tamarack, white spruce is a char¬ 
acteristic species throughout the range of 
this forest belt. In the past less exploited 
than red spruce, it constitutes today die 
largest reservoir of spruce for timber and 
pulp in eastern North America. Perhaps, 
its chief use is for pulpwood, much of which 
is imported into the United States from. 
Canada; but, like red spruce, it is also 
utilized for lu mber and other wood pro d- 
ucts, and for Christmas trees. This species 
is widely planted in reforestation (cones to 
yield seed for nursery stock brought $ 7.00 
per bushel in 1948), but, as is true of all 
other species, it is at present being cut 
faster than it is renewed. With the supply 
of spruce diminishing, most pulp mills are 
turning to diverse species, both hardwood 
and softwood, to furnish the pulp tradition¬ 
ally supplied by die favored spruce. 

Picea mariana, black spruce. Black spruce 
has essentially the same range as white 
spruce, but occupies poorer sites, usually 
swampy, where it may be a companion of 
the tamarack. It is not commercially so 
important as the previous two species listed, 
being a smaller, slower-growing tree. Its 
chief commercial use is for paper pulp, but 
like the other spruces it is also used for 

lumber, diverse woo d pro ducts, and Christ¬ 
mas trees. 

Hemlock. The only important hemlock 
of eastern North America is Tsuga canaden¬ 
sis; its range is similar to that of white pine, 
a species with which it is often associated! 
Hemlock is particularly characteristic of 
cool, moist, shady slopes from New England 
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to Minncsolii, ;uul through the Appala¬ 
chians southward to I ennessee. I he spec ies 
is c 111 itc* tolerant, and indeed the* seedlings 
cannot endure strong light. Hemlock wood 
has been little utilized until recently, hut 
the hark (comprising some 15 per cent or 
more ol the volume ol the tree) has lor 
years been an important source ol tannin. 
Formeilv many hemlock stands were 

z z 

stripped ol bark, and the wood left to decay 
in ihe forest, but today the lii»lit, brittle 
wood is utilized lor boxing, tics, cheap con¬ 
stitution, and pulp. The species is still fairly 
common in the northeast, though not nearly 

so abundant as formerly. Often it is found 

/ 

in small stands scattered through the north¬ 
ern portion ol the hardwood belt. Hemlock 
is an exceedingly graceful tree, able to stand 
shade and trimming, and thus lends itself 
readily to ornamental planting. 

Tin Firs. The only important fir of the 
northern coniferous forest is the balsam 
fir, Abies balsa mm. The range of balsam 
fir is that of the tamarack and the white, red, 
and black spruce, all of which are charac¬ 
teristically found throughout eastern Can¬ 
ada to or almost to Alaska, and from the 
northeastern United States (with a southern 
extension ol range in the Appalachians) 
north almost to the Arctic Circle. T he bal¬ 
sam In is smaller than most spruce species, 
and less important economically. Its major 
use is for paj)ej__pulp, although lumber for 
interior trim, crates, and boxes is also 
obtained from it. It is outstanding as a 
Christmas tree, holding its needles much 
longer than do the spruces. Qil of fir m ay 
be distilled from its bark or needles; and 
the aromatic needles are frequently made 
into balsam pillows. Blisters on the bark 
yield Canada balsam, useful in microscopy 
because it has the proper index of refrac¬ 
tion for a mounting medium; in this use, 
however, it is now being replaced by syn¬ 
thetic resins. ' 


Thk Arbors i iaks. Two similar genera. 
Thuja and C.hamaecy paris, are usually con¬ 
sidered arbors itae (or, incorrectly, "cedar"). 
Ol these, only one species is sufficiently fre¬ 
quent in the northern coniferous forest to 
merit consideration here. 

Thuja occidentalis, the northern white 
cedar or arbor,ntae. Thuja occidentalis, the 
only species of the genus in northeastern 
America, has a range similar to that of 
white pine, being found in southeastern 
Canada, the Lake States, and from New 
England southward in the Appalachians as 
far as northern Georgia, mainly on nonacid 
soils. The tree is comparatively small and 
slow-growing, and the lightweight wood 
splits rather readily; hence it has restricted 
use for lumber. But it is very durable in 
contact with soil, is easily worked and 
fashioned, and has little tendency to shrink 
or warp; thus it is useful for making shin¬ 
gles, ties, poles, posts, cooperage, silos, cis¬ 
terns, and boats. It is highly desired for 
ornamental planting, and some forty varie¬ 
ties have been recognized in horticulture. 
Stands in the Lake States have been greatly 
reduced, but the species is still fairly com¬ 
mon in New England. 

2. Deciduous hardwood forests. The 

deciduous hardwood forest, like most 
Angiospermous forest, is exceedingly diverse 
as regards genera and spec ies. Seldom do the 
high frequencies of a few given species that 
are typical of softwood forests prevail. Thus 
defective cuttin g (high-grading) rather than 
clear-cutting has usually been in order. 
Much of the original area of the eastern 
hardwood forest is now given over per¬ 
manently to agriculture, with isolated 
woodlots representing most species whose 
range might otherwise indicate considerable 
numerical abundance. Virgin stands remain¬ 
ing are insignificant, and for years cut-over 
or partially timbered land left to be re¬ 
generated naturally has usually been wors- 
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ened in composition because of the inva¬ 
sion by less valuable, unmarketable species. 
On the other hand, considerable area early 
deforested has become exhausted agricul¬ 
turally. and second growth timber has come 
back to reclaim the land. This is particularlv 
true in New England, where second-growth 
mixed stands of softwoods and hardwoods 
once again grace a countiyside denuded a 
century ago through man's greed and lack 
of foresight. 

Obviously all valuable species and genera 
of the hardwood forest belt cannot be dis¬ 
cussed here. Genera of special interest or 
abundance include: Snlix. the willow genus: 
Pofntlus, the aspen or cottonwood genus: 
Juglans, the walnut genus; Cmyti. the hick¬ 
ory genus; lietula. the birch genus: Feigns, 
the beech genus: CasUmen, the chestnut 
genus; Ojicrcus. the oak genus; Ulmus, the 
elm genus; Liriodendron, the tulip tree 
genus; I.iquidambar, the sweet gum genus; 
Plalanus , the sycamore genus; Primus, the 
cherry genus; Robinia . the locust genus; 
Acer, the maple genus; Tilia. the basswood 
genus; Nyssa, the gum genus; and Fraxinus, 
the ash genus. A great many others, such as 
hop hornbeam, hackberry, Osage orange, 
magnolia, sassafras, honey locust, holly, 
buckeye, dogwood, persimmon, catalpa, are 
also characteristic of this forest belt. 

The Willows, Snlix. Many species of 
willow occur in North America, some of 
them extending as far north as trees will 
grow, scattered through the northern conif¬ 
erous forest. Species frequently hybridize 
and are difficult to distinguish. Willow 
wood is too soft to have much commercial 
value, but the genus is worthy of mention 
as a characteristic element along water¬ 
courses of the hardwood belt and as a 

minority species in the northern coniferous 
belt. 

Th £ Poplar sJ bpuUts. Several species of 
poplar occur in the hardwood forests, and 
also as minority members of the coni/erous 


The black walnut, Juglans nigra. (Courtesy Chicago 
Natural History .Museum.) 

belts. Of especial interest is the quaking 
aspen or popple, P. tremuhides, more com¬ 
mon to opeii portions^ the northern conif¬ 
erous and Rocky Mountain forests than 
the hardwood belt. Its range is from Ken¬ 
tucky northward throughout New England 
and Canada, Alaska, and higher elevations 
of the western mountains. Its soft, weak 
wood has traditionally been regarded as 
worthless, but recent developments in pulp- 
ing have made it satisfactory for use as 
P^P- a,1( l it is widely so used today in 
paper mills. Also, when treated with proper 
preservatives, it may be used for posts. The 
ubiquity of the species and its quickness to 





Hi 


THE FOREST BELTS OF NORTH AMERICA 



Shagbark hickory, Cana ovala, at Coriirk's lord 
near Parsons, W. \'a. (Courtesy U.S. Forest Service.) 


regenerate mark it as potentially extremely 
important for these purposes. The cotton¬ 
wood, P. deltoides, is found over most of 
the eastern half of the United States, where 
it is common along watercourses and is 
often planted as a windbreak in the plains 
area. It is a very rapidly growing species. 
As with most such trees, the wood is soft and 
weak and warps badly. But since it is with¬ 
out odor or taste, the wood can be used for 
boxes, crates, and cases. It is also used for 
excelsior, core wood in venee rs, pu lp, and 
locally lor posts and fuel. 
t ^TiUvWAi^JUJ's, Juglans. Black walnut, J. 
nigra, and the butternut, /. cinerea, are the 
two species of the genus found in the 
eastern hardwood forests. Both are found 
throughout this forest belt, and both extend 
slightly beyond this belt into predominantly 


coniferous belts. Of the two, black walnut is 
much the more important. This species is 
the foremost ca binet wood of North Amer¬ 
ica, having been used for fine furniture and 
interior paneling since colonial tinifs. Too 
valuable today for construction purposes, 
it has been used lot'l instocks and airplane 
propel lots. The wood is easily worked, with¬ 
stands shock and strain, and is unusually 
durable. The edible nuts, harvested in 
autumn, are eagerly sought and are in 
themselves a considerable item of commerce 
for confections. The walnut is not uncom- 
^mnTloday?Tnit it has become exceedingly 
scattered. In recent years it has been planted 
in considerable numbers in the Midwest. 

The Hickories, Cary a. The hickory is 
essentially an American genus, and a num¬ 
ber of species are known from the hardwood 
forests. The pecan hickory, C. pecan, is 
native to and extensively planted in the 
southern Midwest, where it is a source of 
pecan nuts. Other species are noted for the 
hard, tough, shock-resistant wood they pro¬ 
duce, which has been extensively used for 
«M»Q kes and axe han dles. Of these, C. ovala, 
the shagbark hickory, is perhaps the most 
common and important. It is found 
throughout the extent of the hardwood 
belt, and in the Midwest is a codominant in., 
the climax vegetation, where it is quite 
abundant. With thfe passing of the wooden 
spoke, this specialty wood is not cut so 
frequently as formerly, but it is still utilized 
for handles, sporting goods, and similar 
products. 

The Birches, Betula. Several important 
birch species are native to eastern North 
America, two of them (paper birch, B. 
papyrifera, and yellow birch, B. lutea) being 
as common to the northern forests of north¬ 
eastern United States and southeastern Can¬ 
ada as to the hardwood belt. The economi¬ 
cally important B. lutea is used for furni¬ 
ture, b oxes, molds, flooring, veneer, i nterior 
finish, woodemvare, and so on; but lrTthe 
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Lake States today scarcely a six-year supply 
of fii st-class yellow birch remains. B. papyri- 
fern, famous foi supplying the bitch bark of 
Indian canoes, is utilized somewhat for 
making*"' spoofs, cl othespin s, to othp icks, 
novelties, and as pulp . It is commonly 
found mixed with white and red pine, and 
with aspen. Other species, more southern 
in range, are less common and less utilized, 
blit may be useful locally. 

Thk Beech, Fagus. A single species, F. 
grandifoUa, is found here and there in 
moister localities throughout the eastern 
United States and extreme southern Can¬ 
ada. It is most common in the northeastern 
United States, the Lake States, and the 
Ohio Valley, usually in association with 
yellow birch and sugar maple to form a sub- 
type of the hardwood forest belt. The species 
is extremely tolerant, and seedlings are able 
to develop with but one-eightieth of nor¬ 
mal day illumination; hence, beech forests 
become very dense and dark. The wood is 
now considerably exploited, as much or 
more so than any other of the hardwood 
species so far mentioned; but in the past it 
was neglected because of difficulty in season¬ 
ing and the high percentage of defectives. It 
is utilized for fur niture, flooring , rj PS i ynr>d- 
j snware , and novelties, and fo r boxes and 
Jwrrels. The tree is slowgrowing and its 
frequency decreasing. 

v The Chestnut, Castanea. The only large 
nativtfspecies, C. den fata, was once extreme¬ 
ly abundant through much of the hardwood 
belt, particularly in the Appalachians. How¬ 
ever, introduction of the deadly chestnut 
blight from Asia early in this century has 
practically eliminated die chestnut as a 
commercial tree. The species is extremely 
tenacious, reproducing itself readily by 
stump sprouts; some of these survive long 
enough to produce fruit, and the chestnut, 
long absent from the market, has within 
recent years once again appeared. During 
tts period of commercial importance, the 



While o.ik. Qiiercus alba. A young nee of America’s 
most used Inrdwood. (Courtesy l'.S. Forest Service.) 


durable wood of the chestnut was used for 
structural purposes, interior trim, posts, 
ties, furniture, and the like. Wood from 
blight-killed trees is still being gathered to 
yield tannin, of which it is the leading 
domestic source in the United States. 

1 he Oak s, Qiiercus . 1 he oaks are cer¬ 
tainly the most economically important of 
all the hardwood genera; at least 1.5 billion 
board feet of oak are cut annually. A num¬ 
ber of species of Qiiercus can be found in 
all paits of the hardwood belt, and some as 
minority members of the southeastern conif¬ 
erous forest and, to a lesser extent, of the 
northern coniferous belt. In the eastern 
United States, more than twenty species 
occur, with hybridization among them com- 
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mon. Two general categories ol oaks are 
rc k (of*iii/c(l: ihe white* oaks (with rounded 
leal ti |>n oi lobes, atoms on new wood, 
glahious shells, lighter bark), and the red or 
blatk oaks (with pointed leal tips or lobes, 
atoms on setond year wood, hairy shells, 

/ j 

darkei bark). Ol the two, the white oaks are 
the more important, although represented 
by a smaller number of species than the red 
oaks. White oak species include the chin¬ 
quapin. (hesinui, swamp white, post, bur, 
and white oaks: red oak species include the 
willow, shingle, blackjack, scrub, scarlet, 
blatk, pin, red, Spanish. Hill’s, live, and 
other oaks. In the first category, Q. alba, 
the while oak. is the most important species. 
About half ol the total annual nit ol oak 
timber is of this species. The wood is about 
twice as heavy as white pine, durable, and 
attractive. It finds a multitude of uses: for 
cabinet work, trim, and flooring: tigju^ 
cooperage: \eneers; ties, poles, and pilings; 
■its an d general construction, because of 


its especial valueand the heavy demand for 
it, this once very abundant oak is fast dis- 
appearing through much ol its range. Of the 
red or black oaks, (L rubra, the northern 
red oak, is the largest, most widely distrib¬ 
uted.' and commercially most important 
species. Lighten in weight and weaker than 
white oak, the wood is nonetheless used for 
many of the same purposes, including gen¬ 
eral construction, flooring, cheap furniture, 
int erior fin ish, ti es, posts, and fuel. Several 
species of oak are native to tTie western 
forest belts as well, particularly the drier 
regions of California. 

The Elms, UImus. Perhaps half a dozen 
species of elm are native to the eastern 
United States; of these, American elm, V. 
americatia, slippery or red elm, U. fulva, 
and rock or cork elm, U. thomasi ( = race- 
mosa) are the most important, all being 
fairly general in the eastern hardwood belt 
and locally scattered in adjacent coniferous 
belts. Elm wood is so cross-grained as to be 


nearly unsplittable. It is used for hoops and 
staves in slack cooperage, and for spoiling 
goods, boxes and crates, furniture, flooring, 
posts, tics, and shipbuilding. Because of its 
graceful, fountain-like shape, U. americana 
has been highly pri/ed as a street and shade 
tree, but it is now threatened with the same 
late as the chestnut by Dutch elm disease 
in the eastern portion of its range anil 
phloem necrosis in the west. 

Tn ii’ Tree, Liriodendran. A relative of 
the magnolias, the tulip tree, I.. Inti/> if era, 
is one of the largest and most valuable trees 
of the eastern states. Its range is from middle 
New York through Georgia, and from 
Louisiana to northern Illinois. The species 
is particularly abundant in the Ohio Valley 
and the southern Appalachians, where it is 
found mixed with other hardwoods and 
pines. In many southern areas, however, 
where it was formerly abundant, the prac¬ 
tice of high-grading has unfortunately 
nearly eliminated the tulip tree. The soft 
wood, improperly called yellow-poplar, is 
used for many kinds of construction, inte- 
riot finish, boxes, crates, woodenware, 
excelsior, veneer (especially as a core, but 
also for faces), and even lor pulp. A rapid¬ 
growing tree with attractive foliage, it is 
utilized considerably as a shade tree. 

Sweet Gum or Red Gum, Liquidambar. 
The only native species, L. styraciftua, 
flourishes from southern Connecticut to 
Florida and west to Texas, but attains its 
greatest size and frequency in the bottom¬ 
lands of the southern Mississippi Valley. In 
volume of saw-timber cut annually, sweet 
gum is exceeded among North American 
trees only by oak and maple. The wood is 
strong and still, easily worked, and with an 
unusually attractive grain, but warps and 
twists readily. It is much used for furniture 
and interior trim, and for ties, boxes, floor¬ 
ing, veneer (specially stained to imitate more 
expensive woods), barrels, woodenware, and 
pulp. American storax for perfumery is 
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obtained from large, dense stands in Mis¬ 
sissippi. The star-shaped leaf and burr-like 
fruit of the species make it popular as an 
ornamental or shade tree. 

Sycamore, Platanus. The native syca¬ 
more, P. occideiUalis, is one of the largest 
and most distinctive ol the hardwoods. It is 
found through most of the eastern half of 
the United States, particularly along water¬ 
courses. The wood contains interwoven 
fibers and is thus tough and difficult to 
split, a characteristic favoring its use for 
butcher’s blocks; it is also used for boxes, 
slack cooperage, musical instruments, and 
the like. Quarter-sawed, it is extremely 
attractive for furniture, veneer, and interior 
trim; it has been undeservedly neglected 
for these uses. Annual consumption of the 
species is not large; consequently the trees 
are not disappearing from our woodlands 
as rapidly as are many other hardwood 
species. 

Wild Cherry, Primus. The only large 
species is P. serotina, which is widely but 
not densely scattered throughout the east¬ 
ern half of the United States and southern 
Canada. This tree furnishes wood of the 
(highest quality for furniture , i nterio r 
finish, ve neers, and handles, ranking close to 
walnut in this respect. Cherry wood is also 
sought to back up electrotypes and zinc 
etchings. The species is readily seeded by 
birds; this fact, combined with its usually 
scattered distribution, permits it to hold 
its own as a component of the hardwood 
forest fairly well. 

Locust, Robinia. The largest and best- 
known species is the black locust, R. pseu¬ 
doacacia, native to the southern Appala¬ 
chians and minor localities of the Midwest, 
but now extensively planted and naturalized 
in almost every state of this country and in 
Europe. The heavy wood scarcely shrinks 
or swells with moisture changes, and is used 
almost exclusively for such specialty items 
as dowels and pins to support glass insula¬ 


tors (25 million of these pins, used for 
telephone poles, have been manufactured 
in a single year). The species appears to be 
spreading and increasing in frequency. It 
is much utilized in soil erosion control. 

The: Maples, Acer. .Several species of 
maple are native to the hardwood belt, in¬ 
cluding such familiar kinds as silver, red, 
sugar, and boxelder maples. Of these the 
sugar or hard maple, A. saccharum, is the 
most common and important, being found 
in every state east of the Great Plains, and 
in southern Canada. It is quite tolerant, and 
over much of the northern hardwood belt 
is dominant or codominant in the climax 
forest. This species is responsible for most 
of the lumber marketed as maple, and ranks 
second only to white oak in quantity cut. 
No distinction is usually made in the trade 
between sugar and red maple. The wood, 
although lighter in weight than oak, is even 
stronger. It is used for floori ng, agricultura l 
i mplemen ts, f urniture, musical instrume nts. 
veneers, and a wide variety of products for' 
which a strong, close-grained wood capable 
of taking a polish is desired. Sugar maple 
also produces the ma ple syrup and sugar of 
the New England "sugar bushes,” and is a 
highly desirable shade and ornamental spe¬ 
cies. Many ornamental species have been 
introduced from Asia and Europe. One 
species, the big-leaf maple, is of some im¬ 
portance along the Pacific coast of North 
America. 

Basswood, 7V/m_. Some confusion exists 
regarding the species of this genus, but the 
name T. americana probably embraces most 
of the large trees of the hardwood forest 
known as basswood. Basswood is particularly 
abundant in the northern portion of the 
hardwood beit, where it is sometimes co¬ 
dominant in the climax forest. This tree is 
less frequent today than it was, but it is 
still considerably utilized for ex celsio r, 
slack cooperage, pulp, and small 'abides 
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lor which a soil, light, easily worked wood 
is desired. 

I in Gt ms, Xyssu. This genus is not to he 
confused with sweet gum, the wood of which 
is marketed as "red gum." Two species, 
black tupelo and black gum 01 sour gum, 
X. sylvotica. and the cotton gum, tupelo or 
water tupelo, X. aqualica, are moderately 
frequent in the moister southern and eastern 
portions of the hardwood belt and scattered 
through the southeastern coniferous lorest 
belt in swampy localities. The wood is 
extremely tough; its greatest use has been 
for cheap ven eers -and veneer co res. Hoot ¬ 
ing, wo od rollers^, and mnistock s. 

Thk Ashes, Fraxinus. Several species of 
ash are native to the hardwood belt, includ¬ 
ing the blue, black, white, red, and green 
ashes. The white ash, F. mnerienna, is the 
most valued ash ol this forest belt. Its range 
is from Nova Scotia to southern Minnesota, 
south to eastern Texas and Florida. The 
wood is hard and strong, and is utilized for 
tooLban dJes, oars, spo rting goods, furniture, 
and interior trim. Existing stands of white 
ash are largely second-growth. The species 
reproduces poorly from seed, but is worthy 
of encouragement in managed woodlands. 

3. The southern coniferous forest. 

This forest occupies, for the most part, the 
level, low, sandy areas characteristic of the 
southern Atlantic slates and the Deep 
South. As might be inferred from the range 
of several hardwood species noted pre¬ 
viously, it is by no means a solid, continu¬ 
ous stand of Gymnosperms. Cut-over areas 
of the southern coniferous belt usually be¬ 
come invaded by the more aggressive, less 
valuable hardwoods, particularly scrub 
oaks. On the whole, owing to the continued 
heavy cutting ol the dominant, once-magni- 
ficent stands ol yellow pine, the extent ol 
the southern coniferous forest is diminish¬ 
ing. Until recently, little thought has been 
given to the future ol these very important 


forests, but in the past lew years encourag¬ 
ing elloris have been made to help re¬ 
establish the conifers in the domain where 
they once ruled. 

By lar the most important genus of this 
belt is Pinus, the pine genus, of which four 
spec ies are particularly valuable. Taxodium, 
the bald cypress, is also of prime importance 
in the swamp areas ol the South. Red cedar, 
Juni perus, will also be briefly discussed here, 
although it is found throughout the hard¬ 
wood belt more abundantly than in the 

J 

South. The various important hardwoods 
that extend into the southern coniferous 

belt have ahead v been mentioned. 

/ 

The Pines. The four important pine 
species are collectively known and marketed 
as southern yellow pine. With the possible 
exception ol slash pine, all are decreasing 
rapidly in frequency, owing to continuous 
heavy cutting and turpentining for more 

than a century. 

/ 

Pin us palustris, the longlcnf pine. Long- 
leaf pine is the most important of the 
southern yellow pines, and originally was 
the dominant and most abundant tree 
throughout the southern coniferous forest. 
As white pine declined in the north, long- 
leaf pine was "discovered” in the south, and 
at its peak was probably the foremost 
lumber-producing species of the country. 
Even today, almost twice as much long- 
leaf pine is cut as all species of oak, the 
leading hardwood genus. Because of large 
si/e and great strength, longleaf pine has 
been favored lor construction purposes. It 
is also utilized for ties, masts, and interior 
finish, and is the most important species in 
naval stores (turpentine and rosin) produc¬ 
tion. Because of a slow-growing seedling or 
“grass” stage when it is palatable to hogs, 
longleaf suffers in competition with other 
species in areas where "razorbacks" are 
allowed to roam. This factor, combined 
with heavy cutting, poor turpentining, fires, 
and lack of conservation planning in the 





Virgin longlcaf pine type in small tract south of 
Trout, La. (Courtesy U.S. Forest Service.) 

past, has seriously depleted the stands of 


Natural reproduction of longlcaf pine. Note old 
stump, seed trees in background, voting pines just 
starting height growth, and sapling*. There are 
about TIO saplings per acre and 200 or more seed 
lings per acre still in the grass stage. ,Courtesy l\$. 
Forest Service.) 

and pulp. Total stands are probably on the 
increase, because of the aggressiveness ol the 
species in colonizing deforested lands and 
because of widespread planting for reforesta¬ 
tion. 


longleaf pine. Within recent years state 
laws have required that seed trees be left 
standing to reseed stands being cut. 

Pitius caribaea, the slash pine. Slash pine, 
originally with a more restricted south¬ 
eastern range than longleaf, is today usurp¬ 
ing much of the area and importance once 
accorded the former. It is an unusually 
aggressive, fast-growing species, and the 
equal or superior of longleaf in the produc¬ 
tion of naval stores. The wood is the heav¬ 
iest of all southeastern yellow pines, but on 
the market is not distinguished from long 
leaf or other southeastern species. It is 
utilized for the same purposes as longleaf, 
and. the smaller trees particularly, for ties 


Pnms echinata, the shortleaf pine. Short- 
leaf pine is the widest-ranging of the south¬ 
eastern yellow pines, occurring as far north 
as Missouri in the west and Connecticut in 
the east. The species seems to be crowded 
out of the coastal plain area by the long¬ 
leaf, slash, and loblolly pines, and is more 
common in the drier, hillier areas, where 
other species are not so tolerant of the 
colder winter temperatures. The wood is 
slightly less strong than that of longleaf 
pine, but is seldom distinguished from it in 
marketing. Shortleaf pine is used primarily 
for construction purposes, but also for furni¬ 
ture, mine props, agricultural machinery, 
crates, and even excelsior and pulp. Ik 
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Louisiana swamp cypress. Taxodium distichum. 
(Courtesy U.S. Forest Service.) 


areas where it is frequent enough to attain 
commercial importance, it is fast facing 
depletion through heavy cutting. 

Pinus taeda, the loblolly pine. I.oblolly, 
the last of the important southeastern yel¬ 
low pines to be discussed, has a range 
approximately that of longleaf, but favors 
moister situations. The wood is similar to 
the preceding species, and is utilized for 
the same purposes as the other yellow pines. 
A good seeder, this species may quickly 
reforest abandoned agricultural land. 

Bald Cyprkss. The only important species 
north of Mexico is Taxodium dislichum, 
frequent in the swamps and bayous from 
coastal Virginia through Florida and west 
to central Texas, with a northern extension 
of range in the Mississippi Valley as far as 
southern Illinois. Bald cypress wood is very 
resistant to decay: fallen logs lying in the 
swamps are still merchantable after a thou¬ 
sand years. The species has been utilized 
mostly for structural purposes, water tanks, 


ships, ties, shingles, coffins, and other uses 
for which resistance to decay is of impor¬ 
tance. Because ol its tendency to favor the 
less competitive swamp environment, bald 
cypress has been somewhat protected from 
cutting: but today, modern methods of 
logging have seriously depleted the stands, 
and annual cut is less than half what it was 
earliei in the centurv. Durable heart cv- 

z 4 

press, in any quantity, will soon be a thing 
ol the past. The species however still 
furnishes as much lumber to the market as 
any hardwood, oak excepted. 

Rid Cedar. A single arborescent species, 
Juniperus virginiana, is native throughout 
most ol the eastern United States. Its light 
requirement is high, and the species is 
characteristic of open, seasonably dry, lime¬ 
stone glades and cut-over hillsides. The 
wood is very durable, and much in demand 
for posts and poles: it also finds considerable 
use lor specialty items such a cedar chests 
and closet linings, lead pencils, boxes, wood- 
enware, and novelties. Red cedar is aggres¬ 
sive in colonizing suitable open areas. This 
and the fact that the tree is too scattered, 
small, and gnarled to be of great commercial 
interest have enabled the species to hold its 
own in frequency, although larger speci¬ 
mens are fast disappearing. 

4. Subtropical forests of the United 
States. No attempt will be made to discuss 
individual genera and species of this inter¬ 
esting but minor forest belt. Most genera 
and families listed in the previous chapter 
for Mexico and Central America will grow 
in southern Florida, along the Gulf Coast, 
and in southern Arizona and California. 
Except for recreational purposes, the native 
forest (viz., the Everglades and Florida Keys) 
has never been significant in the North 
American economy. In a few cases, intro¬ 
duced exotics suitable only to subtropical 
climates have become important: for ex¬ 
ample, Citrus, of the Rutaceae (oranges, 
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lemons, grapefruit); Aleurites, of the 
Euphorbiaceae (tung oil); Cinnamomum 
(camphor), and Persea (avocado), of the 
Lauraceae; Phoenix, of the Palmacene 
(dates); and several others, including many 
tropical ornamentals. 

5. The Rocky Mountain forests. The 
broad Rocky Mountain forest “belt” is 
perhaps the least exploited of all North 
American forest regions, mostly because of 
its relative inaccessibility and remoteness 
from markets. Moreover, it is scattered over 
a great many minor ranges and mountains, 
often with extensive desert or plains be¬ 
tween, and lor the most part in unpopulated 
areas. In spite of this, a few species have 
attained nation-wide economic significance, 
and undoubtedly these forests will come to 
be utilized more and more as the finer 
Pacific forests are depleted and as the 
extent and utility of additional species be¬ 
come recognized. In general there is strati¬ 
fication of species according to altitude. 
Low elevations have “nut" pines, juniper, 
and scrub hardwoods; western yellow pine 
is characteristic of slightly higher altitudes; 
still higher, lodgepole pine and Douglas fir 
dominate; and at the higher elevations to 
timberline, fir and spruce dominate. A 
great many additional softwoods are locally 
predominant, and mention has already been 
made of the occurrence of quaking aspen 
over most of the region. 

Inasmuch as they are confined to the 
mountains, the distribution of these forests 
is extremely unequal: for example, only a 
small portion of the states of Nevada, 
Wyoming, and Utah, but almost half of the 
state of Colorado, is forested. Over all the 
area, uncontrolled forest fires have wasted 
more timber than logging has utilized, and 
today fire control is a primary concern of 
federal and state authorities. In contrast to 
the eastern forests, die great majority of 
which are privately held, Rocky Mountain 


timber is largely in national forests. I he 
Rocky Mountain forests are not nearly so 
important as the Pacific belt, but they 
contain as much timber today as any of the 
heavily cut eastern belts (exclusive of Can¬ 
ada). Trees of principal importance include 
three or four species of pine, western larch, 
two species of spruce, Douglas fir, and two 
species of fir. 

The Pines. The important western white 
pine, Pinus monticola, does occur in the 
northern Rocky Mountain forests, but it is 
chiefly a Pacific belt species and will be 
discussed under that heading. Pi non pine, 
P. edulis ( — cembroidcs';), one of the species 
responsible for the edible pihon nuts (once 
a staple of the southwestern Indian diet), 
is scattered through the dry foothills of 
the southern Rockies. The trees are small, 
and of importance locally for posts, fuel, 
and some construction. Of the yellow pines, 
two species, ponderosa and lodgepole, are 
important. 

Pinus ponderosa, the ponderosa or west¬ 
ern yellow pine. This species furnishes more 
lumber today than any other pine, rivaling 
the leading Douglas fir in this respect, and 
more than twice as much as all North 
American oaks combined. It is found in 
commercial quantities in every state west 
of the Great Plains. The trees are quite 
large: some have been reported with a 
diameter of as much as 8 ft. The wood is 
fairly light in weight, but is hard and strong. 
It is utilized chiefly for general construction, 
interior finish, boxes and crates. The poten¬ 
tial reservoir of timber from this species is 
probably greater than for any other, Doug¬ 
las fir excepted. The tree is slow-growing, 
but because of its wide range and often 
inaccessible location, has not as yet been 
seriously depleted. 

Pinus contorta, the lodgepole pine. The 
lodgepole pine is only slightly less wide¬ 
spread dian ponderosa, being found in the 
northern Rockies and scattered through 
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most ol the Pacific licit. The tree is small 
anti licejuentl\ gnarled, and were it not lor 
its extreme abundance would be ol little 
connnenial interest. Hie wood is used fol¬ 
lies. construction lumber, posts and poles, 
and fuel. 1 he spec ies is a prolific seeder and 
very aggressive: hence, like jack pine in 
the Northeast, it is of importance in colo¬ 
nizing poor or burned-over areas for water¬ 
shed/protection. 

TVF.sTr.RN Larch. Hie largest and most 
important of all larches ol the New World 
is the western larch. Enrix nccidentalis, 
found abundantly in the northern Rocky 
Mountains (northern Idaho and eastern 
Montana) and in eastern portions of the 
Pacific belt (western Washington and Ore¬ 
gon). The wood is among the heavier ol the 
softwoods, works well, and is extremely 
durable. It is used for posts and poles, ties, 
mine timbers, interior finish, boats, boxes, 
and furniture. As is that of its northeastern 
relative, the tamarack, the light requirement 
of western larch is high: the species is 
usually favored where less resistant trees 
have been burned out, or where felling has 
cleared the forest but for some reason the 
aggressive lodgepole pine has not taken 
over. 


ornamental planting, but not so commonlv 
as i> the blue spruce. 

^Picen l> tin gens, the blue spruce. Blue 
spruce is much more limited in range than 
Engelmaiin spruce, occurring chiefly in 
Colorado and to a lesser extent in adjacent 
Rocky Mountain states. The tree is scat¬ 
tered. usually at moderate elevations. The 
wood is of little importance except locally, 
but the species is deserving of mention be¬ 
cause ol its wide use for ornamental plant¬ 
ing. I he frosty or silvery-blue appearance 
ol the new growth constitutes its chief 
attractiveness, but it is also more tolerant 
ol drought and city conditions than are 
most spec ies. 

Douglas Fir. The smaller, Rocky Moun- 

/ 

tain form ol the Douglas fir, Pseudotsuga 
tnxifolin, is one of the more important 
Rocky Mountain timber trees. The species, 
however, will be discussed below under the 
heading “The Pacific forests." 

Thk Firs. Alpine fir and white fir are 
primarily of the Rocky Mountain forest 
belt, although they do occur also in the 
Pacific belt. The grand or lowland white 
fir, red fir, and noble fir, although found to 
some extent in the northern Rocky Moun¬ 
tains, are more characteristic of the Pacific 


The Spruces. Two well-known spruce belt and will be discussed under that head- 
species ol the Rocky Mountain forest belt ing. 

are the Engelmann spruce and the blue^/ Abies lasiocarpa, the alpine fir. Alpine fir 
spruce. is found at high elevations from Mexico and 


/ Picea engclmannii, the Engelmann 
spruce, l liis species is the most important 
of the spruces, and furnishes most of the 
annual cut of spruce in the United States. 
It is a feature of the high Rockies from 
Arizona to the Yukon. The wood is quite 
light in weight, lighter than white pine, 
but is strong for its weight. It is a species 
much utilized in aircraft production. Other 
uses are for poles, doors, sash and interior 
triin. Engelmann spruce is tolerant, and 
often becomes a dominant or codominant in 
the climax forest. It is sometimes used in 


New Mexico northwestward to Alaska and 
the Yukon, where it is frequently the com¬ 
panion of Engelmann spruce. I he species 
has little economic importance except as 
watershed cover at high elevations. The 
wood is utilized locally lor rough lumber. 

Abies concolor, the white or Colorado fir. 
This species is perhaps the most important 
of all western firs. It ranges from Mexico 
northward through Colorado and Utah to 
Idaho, and through the Sierras of Cali¬ 
fornia and Oregon, where it attains greater 
size. The wood is not durable, but does 
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A virgin stand of Douglas fir, Pseudolsuga taxitolia, the foremost timber tree of 
the United States. (Courtesy U.S. Forest Service. From Unasylva.) 
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possess moderate strength. White fir timber 
is marketed indiscriminately with other 
species, and is utilized chiefly for small con¬ 
struction, boxes, crates, and interior trim. 
It is suitable for pulp, but relatively little 
market lor pulp exists within the range of 
A. concolor. The species is moderately 
tolerant, and is frequently a codominant 
m western forest areas. It is also planted 
ornamentally in the East. 

6. The Pacific forests. These are the 
forests of the Sierras, Cascades, and coastal 
ranges of California, Oregon, and Wash¬ 
ington, extending northward through 
Bmtsh Columbia to southern coastal 
Alaska. The densest and most spectacular 
temperate forests of the world are included 
within this belt, now the most heavily 
lumbered area of North America. Even 
though about half of the forests have been 


cut, a sufficient reserve remains to maintain 
the West Coast as a leading lumber center 
for a number of years to come. Except 
locally in the drier parts of California and 
the coast, coniferous species dominate. The 
importance of the softwoods so overshadows 
that of the few commercial hardwoods that 
the latter need not even be listed. Most 
genera have already been occasionally 
mentioned during the discussion of the 
eastern hardwood belt. The most prominent 
trees of the Pacific belt are: Douglas fir (the 
most important); redwood; western white 
pine; sugar pine; sitka spruce; western hem 
lock; lowland white, noble, and red firs; 
incense cedar; western red cedar; Pori 
Oiford^cpdar; and Alaskan cedar. 
--T ^las Fir . Douglas fir, Ptfudotstnm 
is at present the premier wood of 
North America, comprising GO per cent of 
the standing timber of our western forests 
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Calaveras "tore of big nets. Sequoia. California. 
(Courtesy f.S. Forest Service.) 


and furnishing more than one-fifth the 
annual cut. It is ioiuul throughout the 
Rocky Mountain licit, hut attains its great¬ 
est magnificence and importance in the 
Pacific belt. Douglas firs, growing in a 
favorable Pacific environment, are among 
the tallest trees known (heights of 385 ft. 
have been reported) and are sometimes as 
much as 15 ft. in diameter. Dense stands 
of such trees are rivaled only by the red¬ 
woods in board leet of timber per acre 
(cruised at more than 400,000 ft. B.M.). 
The immense si/es and heights of Douglas 
fir permit production of knot-free boards 
of large dimensions and in unprecedented 
(juantities. Moreover, the wood is among 
the strongest of all American softwoods in 
comparison to its weight, works well, can 
be attractively stained, and is noted for its 
durability. The species is in heavy demand 
by the lumber and building trades, and is 
used foi all kinds of construction (especially 
where long, sturdy beams are needed), for 
tics, poles, plywood (Douglas fir is the most 


used plywood species), and interior trim. 
Douglas In is not overly tolerant, but it is 
a prolific seeder and last grower. Second- 
growth stands, protected Irom fire, can 
yield 30.000 It. B.M. in fifty years. At pres¬ 
ent, die supply of large, virgin timber is 
rapidly approaching exhaustion, and Doug¬ 
las fir can be expected to go the way of east¬ 
ern white pine and southern yellow pine. 
Already a deficiency in the supply of first- 
class veneer logs has been felt. The only 
difference is that in the United States today 
there is no reserve of comparable timber 
remaining once the Douglas fir is cut as 
there was in the case of the white and 
southern yellow pines. The "inexhaustible” 
lorest reserves of this country have now 
been worked from coast to coast 
The Redwoods. The redwood genus, 
Sequoia, includes the largest and perhaps 
oldest of living tilings. Most notable 
among them are the "Big Trees” of the 
California Sierras, S. gigantea ( = washing- 
toniana), as much as 4,500 years old and 
weighing as much as 6,000 tons. These 
spectacular trees are. however, of no com¬ 
mercial importance other than as a tourist 
attraction. More important commercially is 
a second species, S. sempervirens, the coastal 
redwood, found along a narrow coastal fog 
belt of northern California and southern 
Oregon. These too are among the largest 
of trees, attaining heights ol up to 364 ft. 
and a diameter of as much as 27 It. Stands 
may be up to 80 per cent pure and cruise 
better than 400,000 ft. B.M. to the acre. The 
wood ol these gigantic trees is brittle, and 
in logging about 40 per cent wastage can 
be expected owing to breakage. The wood 
is soft, light, fairly strong, and easily 
worked. It is extremely resistant to decay. 
As is the case with its eastern relative, bald 
cypress, fallen logs have endured for many 
centuries. Redwood is used for many pur¬ 
poses, including ties, large timbers, tanks, 
flumes, silos, posts, shingles, doors, general 
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millwork, caskets, and furniture. A goodly 
portion of the original redwood forest has 
been cut, but stands of these forest giants 
sufficient for many more years of logging 
remain. Fortunately, the species is able to 
regenerate from stump sprouts, and second- 
growth stands become marketable in as 
little as fifty years. Because the tree is so 
spectacular, much popular attention has 
been focused on it, with the result that 
efforts at conservation have met with greater 
success than usual. Although at least 90 
per cent of the redwood forests is privately 
owned, considerable acreage has been ac¬ 
quired by the state of California, and 
several acres are owned by the University of 
California and by the federal government. 

The Pines. Two white pines, Pinus 
monticola and P. lambertiana, are of es¬ 
pecial importance to the Pacific belt, in 
addition to the widespread yellow pine, 
P. ponderosa, already discussed as the chief 
pine of the Rocky Mountain belt. 

Pinus monticola, the western white pine. 
This species is most common in the moun¬ 
tains of southern British Columbia, Wash¬ 
ington, and eastward into northern Idaho 
and extreme western Montana, but also 
southward in the Sierras to southern Cali¬ 
fornia. The species is similar to eastern 
white pine, but its wood is slightly stronger 
and possesses a high commercial value. The 
wood is widely utilized for structural pur¬ 
poses, frames, moldings, and miscellaneous 
other products. Like its eastern relative, the 
western white pine is subject to attack by 
blister-rust, its most serious enemy of the 
moment. 

'Sfinus lambertiana, the sugar pine. The 
sugar pine is the largest of all the pines, 
having been recorded up to 245 ft. in height 
and 18 ft. in diameter. It is confined to the 
Sierras and Coastal Range of California and 
Oregon. The wood is similar to that of the 
eastern white pine, although not quite so 
strong or stiff, and is used for similar pur¬ 


poses. The large boards it is possible to 
obtain from so large a tree make it especially 
useful for general construction and interior 
trim. It is also used in quantity for wooden 
matches. The species is of increasing im¬ 
portance, rivaling redwood and ponderosa 
pine in quantities cut within its range. It 
is a relative newcomer to the market (it 
was introduced less than fifty years ago), 
and a bare fraction of the original stands 
have been logged. The species grows rapidly 
in ajavorable environment and is moder¬ 
ately tolerant, but, as are other five-needle 
pines, is subject to attack by blister-rust, its 
most serious enemy. Elaborate precautions 
are being taken to eliminate gooseberry and 
currant bushes, the alternate host of blister- 
rust, from the range of this pine and that of 
the western white pine as well. 

—•-•Spruce. The only important spruce of 
the Pacific belt is Sitka spruce, Piceasitch- 
ensis, occupying a narrow coastal ribbon 
from northern California to Alaska. It is 
one of the major timber and pulpwood 
species of the Northwest. The wood is 
utilized in aircraft construction, for boxes 
and crates, and for all kinds of millwork. 
The trees are the largest of North American 
spruces (maximum measurement, 300 ft. 
tall, 16 ft. in diameter) and, contrary to the 
usual habit of the genus, is a low-elevation 
(tidewater) species. In certain northern sec¬ 
tions the species forms nearly pure stands. 
Sitka spruce is still fairly abundant over 
most of its range. 

Hemlock. A single species of hemlock 
is important in the Pacific belt, the western 
hemlock, Tsuga heterophylla, found prin¬ 
cipally in southeastern Alaska, coastal 
British Columbia, and western Washington. 
It is one of the four chief timber- and pulp- 
producing species of the Northwest. Rela¬ 
tively new on the market, having attained 
prominence only within die last twenty- 
five years, it has become the chief source 
of pulp for rayon and is also much used for 
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light construction, mill products, boxes, 
paper pulp, and (treated) ties. As seems 
common among Pacific belt species, T. 
heteropliylla is the largest North American 
representative ol its genus, having been 
recorded as attaining 259 ft. in height and 
9 ft. in diameter. Like its eastern relative, 
the species prefers moist, cool locations, 
where it may occur in nearly pure stands. It 
is tolerant, and where abundant moisture 
is available seedlings may usurp much of 
the forest floor. 

'x-Thf. Firs. Eight species of fir are found 
in the forests of the West; two of these have 
been discussed as members of the Rocky 
Mountain belt. An additional three species 
are worthy ol mention as fairly important 
trees of the Pacific belt: the lowland white, 
noble, and red firs. 

Rifles grandis, the lowland white or grand 
fir. This species is prominent in the north¬ 
ern Rockies as well as in the Pacific belt, 
where it is found from British Columbia to 
middle coastal California, often at low as 
well as at moderate elevations. Grand fir 
is smaller than the two subsequent species, 
and is sometimes confused with white fir, 
A. concolor, already discussed as a com¬ 
ponent of the Rocky Mountain forests. 
The wood is of little commercial impor¬ 
tance, but is used to some extent for pulp, 
slack cooperage, boxes, and rough construc¬ 
tion. 

^Abies nobilis, the noble fir. Noble fir, a 
rival of red fir in si/e, is relatively restricted 
in range, occurring in the mountains of 
Washington and Oregon and extreme 
northern California. The species produces 
perhaps the best timber of any of the firs, 
and can be used for flooring, interior finish, 
mill work, boats, and boxes. Comparatively 
little is recorded about the growth habits 
and distinctiveness of this species in com¬ 
parison with the other Pacific firs. 

Abies magnified, the red fir. This species 
is usually marketed indiscriminately with 


the more northern and more abundant 
Pacific silver fir, A. amabilis. Its range h 
confined to the high mountain slopes of 
Oregon and California. It is probably the 
largest of the American firs, with a maxi¬ 
mum measurement ol 230 It. tall bv 10 ft. 

4 

in diameter. The wood is soft, light, and 
(as is true of most firs) inferior to spruce. 
Red fir is used largely for rough lumber, 
boxes, and mine timbers. It is sometimes 
planted as an ornamental tree (but it can¬ 
not stand the smoke-contaminated air of 
large cities). 

_Usctr.xst Ckdar. A single species of incense 

cedar, I.ibocedrus decurrens. occurs in 
North America. It is confined to the moun¬ 
tains of Oregon and California and to lower 
California, where it is often a companion 
of sugJiL.pine and the Big^Tree (Sequ oia 
gigantea). The species is logged to a'motler^" 
ate extent. The wood is extremely durable 

4 

when seasoned and is widely used for posts, 
ties, shingles, “cedar" chests, pencil slats, 
doors, and frames. Incense cedar is quite 
tolerant of shade, but prefers moist habitats. 

In the East it has been widely planted as an 
ornamental. 5 *^ 0 * 

Akborvi i ah. The only species of the genus 
Thuja native to the western forests is T. 
pheata, the giant arborvitae, more usually 
called western red cedar (unfortunately, 
since it is not of the same genus as the 
eastern red cedar). It is frequent from 
coastal California to coastal British Colum¬ 
bia, and eastward through Washington to 
Montana and Alberta. The species is much 
larger than its eastern cousin, T. occidei- 
talis, and is considerably more importa t 
economically. The wood is unusually dur¬ 
able, but soft and brittle. It is used primarily 
for making shingles, and about two-thirds 
of the annual cut of almost a billion board 
feet goes for this purpose. Other uses in¬ 
clude those for lumber, poles, pilings, boats, 
exterior trim, and many other products 
where natural durability of the wood is a 



fin 
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factor. Western red cedar is seldom found 
in pure stands; more commonly it is a 
minority species in Douglas fir or western 
hemlock forest. It prefers moist habitats. 
The species has not been utilized to any 
extent in reforestation. It is, however, po¬ 
tentially very useful as an ornamental. 

Othkr "Cedars.” The name “cedar" for 
the genus Cliamaecyparis is again unfor¬ 
tunate, in that it includes one more genus 
under an already overworked and indistinc- 
live name. The small, unimportant, Atlan¬ 
tic species, C. tliyoides, has been mentioned 
previously. In the Pacific forests are two ad¬ 
ditional species, larger and of considerably 
more importance: C. lawsoniana, the Port 
Orford white cedar or Lawson cypress, and 


C. nootkatensis, the Alaska yellow cedar or 
yellow cypress. Both are coastal species, the 
former being confined to southern Oregon 
and northern California, the latter extend¬ 
ing from Oregon to Alaska. The species 
demand a moist habitat, but are tolerant 
ol shade and reproduce well in burned or 
cut-over as well as in uncut forest. Because 
of its resistance to acids, the durable Port 
Orford cedar wood is utilized chiefly for 
separators in storage batteries. The end of 
the supply of logs suitable for this purpose 
is in sight. Other commercial uses include 
those for millwork, boat construction, ply¬ 
wood, ties, timbers, and handles. The Port 
Orford species is also much used as an 
ornamental. 
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CHAPTER 5 


Wood And Its Uses 


Wood, ichnl it is. Wood is so much a an almost solid strand of the cell. The 
part of man's everyday life, from disposable thickness, composition, and position of th e 
spoons and t oothpicks to massive furnish- cell wall determines the qualities ofth eVX 
ings and the very structures in which he wood, for wood is the sum total of mulji - 
dwells, that he seldom gives thought to just tudes of these individual cells, each of 
what constitutes this extremely common distinctive size, shape, and st rength . But 
and useful substance. Everyone realizes that before considering cell wall structure, some 
wood comes from trees or other woody mention should be made of the tissues 
plants and was therefore at one time a Iiv- (groups of cells of similar function and 
ing substance. But unless one has studied position) of the stem, particularly the cam¬ 
elementary botany or biology, he may not biunt, the mother tissue of wood, 
be aware of the detailed structure of wood, As a young twig grows, there are found 
or of how and where it came to be formed at its tip certain undifferentiated cells capa- 
by the plant. It may be well, then, to re- ble of repeatedly dividing in two. The 
view briefly the salient points concerning train of cells produced or "left behind" by 
the structur e of wood. this meristematic (proliferating) group of 

With certain possible minor exceptions cells assume, for reasons beyond the under- 
(e.g., virus), all living stuff is composed of standing of man, particular shapes, sizes, 
cells, the stemrof woody plants offering no and functions. Most of these cells soon be- 
exception. Not that all the cells of a tree come incapable of dividing further them- 
trunk are "alive”-i.e., contain living proto- selves. They are then recognizable as 
plasm within the cell; only a minor per- formed, mature cells, components of pri- 
centage are in this state at any given instant, mary tissues "deposited” by the growing 
But at one time every cell within the trunk tip. From the outside inward, toward the 
of the largest of trees is filled with active center of the twig, the following tissues 
protoplasm, protoplasm which later dis- are generally recognizable: epidermis, cor- 
appears after having built an outer, rigid, tex, pericycle, phloem, cambium, xylem 
encasing shell, the cell wall. This cell wall and pith. As the twig continues to grow, the 
may be thin and weak, as it almost always epidermis, cortex, pericycle, and phloem 
is in the parent cells from which typical become part of the bark. The cambium, 
wood cells are derived, or it may, in age, remaining meristematic-i.e., undifferenti- 
become extremely thick and hard, making ated and capable of repeated cell division 
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Visible conii:is( between heartwood and sapwood 
in a newly felled maple. .Im saccharinum . (Cour¬ 
tesy Missouri Botanical Garden.) 


-continues alive throughout the life of the 
plant, producing additional (secondary) 
phloem toward the outside and additional 
(secondary) xylem in great quantities to¬ 
ward the inside. The primary xylem and 
pith remain throughout the life of the tree 
as an inconspicuous central core to the 
twig or log, the main mass of which is 
secondary xylem. 

It is the xylem tissue^tJien-Tmostly, in 
quantity, secondar y xyle m), that consti¬ 
tutes wood. In the tree it consists of dead 
cells, except for a shallow zo ne towar d the 
outside, next to the cambium. The center- 
most cells, which are usually darker in color 
and have thick cell walls often lined with 
ta nnins, gums, dyes, cr ystals, or the like, 
make up the heariwood._The sole function 
of heartwood is support, although at o ne 
time, of course, before the cambium laid 
on newer outer layers of xylem, the cells 


were alive or physiologically active. In a 
/one just outside the heart wood . usually 
narrower, the lighter-colored sa pwood is 
found. Sapwood tells are "wet/^jor, al¬ 
though mostly without living protoplasm 

and thus not strictly “alive," they do ton- 

• / 

dint sap up the stem. Their function is 
both support and conduction, and as newer 
sapwood is formed on the outer side by 
the cambium a compensatory amount on 
the inside loses its physiological activity 
and becomes additional heartwood. As lum¬ 
ber, heartwood is usually more desirable 
than sapwood: for one thing it is usually 
drier, and hence less apt to shrink, warp, 
or check. In addition, it is often more 
resistant to decay or has been otherwise 

4 

benefited by the deposition of tannins or 
various other chemical substances in or on 
the cell wall. 

Xylem tissue contains several cell types. 
The fre duency and kinds of these cells a re 
di stinctive for various species of wood, and 
a wood sample can usually be identified as 
to species by means of proper keys.* The 
I kinds of cells contained in xylem are: 
tracheitis, vessels, fibe rs, ray tracheiti s, and 
xylem parenchyma. The first three cell 
types run longitudinally in the stem; the 
rays run horizontally; and xylem paren¬ 
chyma may occur either as an occasional 
longitudinal cell or as the chief or sole 
component of the rays. Longitudinal tra¬ 
cheitis are typically linear-fusifor m cells of 
modest diameter (perhaps 0.04 mm. wide 
and 1 to 4 mm. long), with bordered pits 
usually predominating (simple pits connect¬ 
ing with ray par enchym a are the case in 
soltwood); vessels are much wider, stockier, 
open-end cells, typically almost barrel-shape 


• The student who is interested in this phase of the subject may wish to examine Textbook of Wood 
Technology by Brown. Panshin, and Forsaith (New York: McGraw-Hill, 1919); Commercial Timbers 
o\ the United Stales by Brown and Panshin (New York: McGraw-Hill. 1910): Identification of Timbers 
of Sorlh America by Record (New York. Wiley, 1931). or some similar text with kess-and look over 
wood sections such as those formerly supplied by Hough some of which are pictured*-in Handbook of 
the Trees of the Sortheastern States and Canada by Hough (New York: Macmillan. 1917). 
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(as wide as 0.3 mm. wide and not infre¬ 
quently about 1 nun. long), with many 
simple but’sometimes bordered pits. 

Fibers arc much like narrow tracheids 
(being perhaps 0.01 mm. wide and 1 to l 
mm. long), with exceptionally thick walls 
and simple obscure p its. ( The intermediate 
fiber-tracheids. howeverr possess bordered 
pits.) Ray tracheids of soltwoods are typi¬ 
cally elongate-rectan gularj md shorter than 
the longitudinal tracheids, being perhaps 
0.03 mm. wide and I mm. long, and are 
usually thin-walled with bordered pits. 
Xylem parenchyma is typically slightly 
smaller than the tracheids, being much like 
the cambium from which it is derived, with 
a particularly thin cell wall. Tracheids 
serve both as supportive and conductive 
elements; vessels, chie fly for conduction; 
fibers, chiefly for support; ray cells, for 
horizontal transmission; and xylem paren¬ 
chyma, for storage and, to a certain extent, 
transmission. 

» In all plant-cell types, the cell wall con¬ 
sists principally ot'two chemical substances, 
cellulose (including alpha, beta, and 
gamma forms, and hemicellulose; these 
are sometimes conveniently terme d liolo : 
cellulose) and lignin (a collective term in¬ 


cluding a number of similar compounds). 
Of these, holocellulose predominates (form¬ 
ing typically about IlLper ce nt of the cell 
wall) and is the more important econom¬ 
ically. Lignin (constituting almos t. 30 p er 
cent of the cell wall) seems to fill the spaces 


within the cellulose network, particularly 
in the middle lamella (pectinaceous core on 


which primary cell wall is laid down, the 


secondary cell wall being laid down on the 
primary cell wall) and the first-deposited 
portion of the secondary wall. Little com¬ 
mercial use has be en found for lignin, and 
up to the present Tt has usually been dis¬ 
carded as waste The exac t chemic al struc¬ 
ture of lignrfi is not vet known, although 
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Cross section of wood tells, highly magnified. The 
living photO|)last has, of course, disappeared, the 
heavy cell walls remaining. (Courtesy U.S. Forest 
Service.) 

approximations have been surmised and 
further research may lead to practical chem- 
urgic utilization. Nor is the chemical struc¬ 
ture of cellulose definitely known, other 
than that it is a linkin g toget her of "glucose 
residues" (C 0 H 10 O 5 )». It is not our purpose 
here to dwell uppn the physical chemistry 
of cell wall structure; basically it seems 
that cellulose molecules (chains of glucose 
residues of uncertain length) are further 
organized into chai ns of a larger order, the 
micells. and that these in turn are organized 
into units of a next larger order, the jibrils, 
which are oriented in a definite pattern to 
form the cellulosic layers of the cell wall. 
The orienting and binding forces of all 
these units are still largely conjectural, but 
x-ray diffraction patterns and electron- 
microscope observations indicate a char¬ 
acteri stic patte rn for this exceedingly useful 
plant substance, cellulose. In addition to 
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liolocellulose and lignin, other inclusions 
or depositions, such as ta nninx, may at 
times be frequent and important in the cell 
wall, but in general the plant cell wall, and 


in nearly straight rows with a minimum 
ol distortion and diversity. Rays are rather 
thin (lor th e mo st part uniseriate-i.e., 
only one row ol cells wide) and 


unt- 
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fA] Diagrams of a block of softwood [above] and 
hardwood [below]. (Schery and Kern.) 


hence woocL-is-bask ally cellulose with lesser 
quantities of lignin, and its utilization 
depends primarily upon the characteristics 
of these two incompletely known substances. 

Wood of softwoods is typically simpler 
in structure than that ol hardwoods. Most, 
about 90 per cent, of its volume consists of 
longitudinal!tracheitis, these being aligned 


form. Resin canals may or may not be pres¬ 
ent. but in no case are tru e fiber s or vessels 
ever found. Lack of the large, conspicuous 
vessels causes softwo ods to be termed "non- 
porous." On the other hand, "porous” 
Angiospermous wood , is char acterized by 
presence ol vessels (these comprising some 
r> 5 pe r cent ol the wood volume in sweet 
gum, for example), and fibers (fiber- 
tracheids comprising some 26__]>er cent of 
the wood volume in sweet gum).* Hard¬ 
woods also usually possess wider multi- 
seriat£_rays (comprising from 5 per cent to 
33 per cent of the wood volume in sweet 
gum); show dist ortion of the radial align¬ 
ment of the cells, owing mostly to vessel 
development; and characteristically lack 
^/resin canals. So different is the typic al cel-. 
lular arrangement of hardwood timber 
from that ol softwood that one can readily 
learn to distinguish them with only biief 
experience. 

As any tree grows under conditions of 
seasonal climate, a difference in cell size, 
cell type, and thickness of cell wall is ob¬ 
servable in the wood formed during the 
year. In north temperate regions, active 
tree growth is during spring and summer, 
with a dormant or semidormant period 
during winter. In spring, with the physio¬ 
logical need for rapid conduction through 
the xylem, large, comparatively thin-walled 
cells are developed. Gradually, as the season 
progresses, the most recently formed cells 
become smaller and denser, until the grow¬ 
ing season terminates with a layer of xylem 
of comparatively small and dense cells, 
which contrasts sharply with the next 
spring’s large, thin-walled cells. The whole 
year's (growing season’s) addit ion of xylem 


• Likewise, in hardwoods companion tells occur in the phloem (new bark); they do not so occur in 
soil woods. 




[B] Iransvcisc section of sugar maple, a diffuse- |C] Transverse section of red oak. Quern/* rubra 
porous wood. Note the conspicuous annual rings, a ringporous wood. (Courtesy 1 T .S. Forest Service.) 
(Courtesy U.S. Forest Service.) 


is called an .animal ring. The uniformity 
of annual rings, their width, and the pro¬ 
portion of sprin g and sum mer wood they 
contain are important factors affecting 
strength and figure in lumber. In softwoods 
very rapid growth tends to increase the 
lighter spr ingwood proportionately more 
than the heavier summerwood, and hence 
adversely afreets the quality of the timber 
(strength being dependent upon the thick¬ 
ness ol cell walls). In hardw oods, particu¬ 
larly die ring-porous types, th e reverse is 
true. Favorable growth alters the amount 
of springwood laid down very little, but 
proportionally increase the amount of sum¬ 
merwood, thus producing stronger, denser 
timber. Hence hardwoods growing under 


favorable conditions usually produce better 
quality lumber than those less ideally situ¬ 
ated. 

• Hardwoods may be either ring-porous or 
diffuse-porous: occasionally thev are inter¬ 
mediate in this respect. ‘•Ring-porous" re¬ 
fers to wood in which large vessels a re 
conspicuous in one portio n (springw ood! 
but absent in the rest of an annual ring. 
Most oaks, hickories; walnuts, elm s, and 
ashes are of this type. Diffus e-porous woods, 
on the contrary, have gen erally smaller and 
nearl V uniform vessels distributed ihrnim h. 
put the a nnual l ing . Ma ple, basswood, tulip 
t ree, bigh^japd many cherries fall i n this 
category. The appearance of finished lum- 
bei reflects, to a considerable extent, the 
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tvpc and arrangement of the vessels in the 
wood. 

1 he appearance of finished lumber is 
also a question of the way in which a log 
has been cut. I luce types ol nit or surface 
are possible. Most obvious is the transverse 
or cross-section: such a cut is made in the 
felling ol a tree or the sawing into sections 
ol a large timber. In a transverse surface 
(Illustrations [A], |B|, |C), pages 61-65), 
all longitudinal cells ol the log (i.e., most 
tracheitis, all vessels and fibers) are cut 
across and transversely, whereas the rays are 
cut longitudinally. Annual rings are con¬ 
spicuous as concentric circles. A second 
type ol cut (Illustration |A|, page 6-1) is that 
made longitudinally through the center 
(pith) ol the log. with the plane ol the cut 
following a radius as seen in transverse 
section. Such a surface would be obtained 
if one split or sawed a log directly through 
the center; it is termed a radial cut or 
radial section. In radial section, all cells, 
both longitudinal arnTray, are cut longitu¬ 
dinally; none are cut transversely. Annual 
rings appear as parallel lines crossed by the 
wood rays. The third and most common 
type of surface is the tangential surface 
(Illustration |A], page 64). It is formed 
when a log is cut longitudinally but not 
through the center-i.e., not along a radius. 
All longitudinal cells are cut longitudi¬ 
nally, but ray cells are cut transversely. 
Annual rings appear as subparallel but 
often wavy bands, interspersed with com¬ 
pact groups of ray cells which arc seen in 
end view. The significance of the type of 
surface exposed will become apparent 
when veneers and ornamental woods are 
discussed in a later paragraph. f 

Properties of wood. Wood possesses cer¬ 
tain qualities that are a reflection of its 
cellular construciionjmd that make it very 
“suitable" for - a liumbei of purposes. Be- 
tauseof varying cell types and arrangements 


from species to species, wood of one kind 
may be prized for one purpose—for example, 
as a structural timber—and wood of quite 
another kind for a different purpose-for ex¬ 
ample. as an ornamental cabinet wood, or a 

-— * i 

pulp wood. The previous chapter has al¬ 
ready indicated to some extent the com¬ 
moner and preferred uses for different 
North American species. A subsequent sec¬ 
tion will discuss specific uses in more detail, 
mentioning the chief among the species 
listed in Chapter -1 utilized for each of these 
different purposes. Meanwhile, it might be 
well to consider wood in general, and to 
see what properties it possesses that make 
it of such wid e util ity and importance. 

Wood has always been available in qu an- 
tity, and with any degree of intelligent 
manage ment of the world's forest reso urces 
should always remain available. This is 
one of wood's chief virtues in so far as man¬ 
kind is concerned: avai lability of the pro d- 
uct, in quantity, to nearly all peoples. 
From the days of savage or nomad to those 
ol modern farmer or industrialist, timber 
has usually been within easy reach—in 
primitive cultures, omnipresent and free 
lor the cutting; and in modern civilization, 
within transportable distance. If wood is 
ever to become unavailable, the fault will 
rest largely with mankind, not with nature. 
A second factor favoring the use of wood 
is its ease of utilization. Primitive man, 
doubtless finding trees everywhere, could 
gather enough windfall logs for his simple 
housing needs, his tool handles, and his 
fuel. If not, saplings were soft enough to 
be “cut” with the stone implements of the 
day. Later, men with iron tools were able 
to fell trees at will. And finally, men with 
steel axes, peaveys, and saws soon "let light 
into the swamp” in all the world forests, 
save the tropical jungles, and this within 
a few centuries. With the advent of steel 
tools and steel fastenings, man came to 
build and fashion all manner of things 
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from wood, from the supports for the rails 
that spanned continents to the simple ma¬ 
terials for prosaic household repairs. 1 his 
adaptable substance, wood, became fuel 
and furniture, toothpick and timber, pa¬ 
per and plywood , post and pol e. Even today 
"there are few possessions of man that do not 
consist at least in part of wood or wood 
substance. In an age of steel, one still can¬ 
not readily secure metal of the proper 
dimensions to fulfill the sundry demands 
that a man, a saw, and a board can soon 
satisfy. In ease of shaping_and handling, 
wood remains unsurpassed. 

Nor has wood, in spite of its utility and 
the world wide demand for it, ever been 
matched in comparative cheapness by any 
other substance so generally useful. It has 
provided housing for generations of human 
beings when steel was unknown or for the 
privileged few; it has warmed the hearths 
of millions who have never known coal, 
and cooked their meals as well; it has built 
bqa ts and wheels and wagons when the 
assembly line was unknown; and today it 
can still compete in price with any and all 
construction materials, having no peer in 
general utility. But availa bility an d cheap-' 
ness cannot alone account for the popu¬ 
larity of wood. It is frequently procured 
froth the far corners of the earth by the 
richest of men and cut with precision tools 
costing thousands of dollars. For, in addi¬ 
tion to being abundant, usable, and cheap, 
wood has an aesthetic attraction, its 
“warmth” and beapiy being equalled by 
few dec orative or .constru c tive ma terials. 
No metal furnishings or stuccoed walls 
can compare with the walnut suit e or oak - 
paneled room. 

Then too, wood has a purely practical 
appeal. It is a relatively poor co nductor and 
can be useful as an insulator, holding heat 
in a house while keeping out the cold much 
more satisfactorily than a metal surface 
would. Nor does wood conduct an electric 


current. Moreover, it can be used over and 
over again, being easily fastened and un¬ 
fastened, sawe d and reshap ed. Properly 
protected, it is enduring; it will not rust 
or crystallize. Wood is comparatively strong, 
seldom becoming^shattered or scarred be¬ 
yond repair by normal household use. It 
can be smoo thed and sanded, and repa inted 
many times over; sca rs and de nts can be 
readily removed. Indeed, the characteristics 
of wood that suit it for wides pread service 
to man are many. 

The physical qualities of wood. We 
have already seen how wood of certain 
species is preferred to that of others for 
certain uses because the cellular composi¬ 
tion is particularly suited to those uses. 
Wood samples can be readily tested, and 
comparative ratings have been formulated 
on a number of scores. Let us examine 
briefly in what ways woods qualify in cer¬ 
tain important physical categories. 

nrx'siTv _npncitv of wood refers to its 
comparative weight-te chnically its weigh t 
per unit volum e. This weight is usually 
compared to that of an equal volume of 
water, and is stated as a fraction of unity 
(water weight), the specific gravity of the 
wood. Most woods havp r> specific gravi tvr ✓ 
of less th an unity. 1.0 . owing to the con¬ 
siderable air space contained within die 
* are consequently lighter 

than water and able jo float. The rangeof 
specific gravities of known woods varies 
from^ 0.04 [ _tp^J4fl^ Woods with specific 
gravities of less than 0.50 may be co n¬ 
sidered light; specific gTavities of 0.50 to 
070 indicate moderately light to moderately 
heavy wood; Uiose above 0.70 indicate a 
heavy wood. The lightest important com¬ 
mercial wood is balsa, Ochrom n. with a 
specific gravity of a bout 0.12. J he heaviest 
are perhaps South American i ron wood . 

{hi ugiodcndron ferveutn), spg£ifj£_—gravity 
1.3, and lignum-vitae, Guaiacum, and queb- 
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Table 1 

Density of North American IVoods * 


Xame 

Son woods: 

Cedar, incense (Libocedrus decurrens) .. 
Cedar. Port Orford (Chamaecy paris laiesoniana) 
Cedar, eastern red (Juniperus virginiana) ... 
Cedar, western red (Thuja plicata) 

Cedar, northern white (Thuja occidentalis) 

Cypress, bald (Taxodium distichum) . 

Douglas lir ( Pseudo!suga taxifolia) . 

Fir, balsam (Abies balsamea) 

^ Fir. lowland white (Abies grandis) 

Hemlock, eastern (Tsuga canadensis) . 

Hemlock, western (Tsuga heterophyUa) . 

Larch, western (Larix occidentalis) . 

Pine, jack (Pinus banksiana) . 

Pine, lodgepole (Pin us contort a) . 

Pine, longleaf (Pinus palustris) . 

Pine, northern white (Pinus strobus) . 

Pine, short leaf (Pinus echinata) . 

Pine, slash (Pinus caribaea) . 

Pine, sugar (Pinus lambertiana) . 

Pine, western white (Pinus inonticola) . 

Pine, western yellow (Pinus ponderosa) . 

Redwood (Sequoia sempervirens) . 

Spruce, black (Picea mariana) . 

Spruce, Engclmann (Picea engeltnanni) . 

Spruce, white (Picea glauca) ^. 

Tamarack (Larix laricina) . 


Weight per Cubic Foot 


Green 

Air Dry 

45 

26 

• • • • 36 

2 9 

37 

33 

27 

2 3 

... 28 

22 

5 ° 

3 2 

38 

34 

45 

26 

44 

28 

... 50 

28 

... 41 

2 9 

... 48 

3 <> 

... 50 

3 " 

39 

2 9 

5 « 

4 1 

36 

2.5 

5 ' 

38 

... 56 

4 « 

• •• 5 ' 

2 5 

• • • 35 

2 7 

• • • 45 

28 

•■• 55 

3 ° 

3 2 

28 

••• 39 

2 3 

••• 35 

28 

... 47 

37 


Specific 

Gravity 

•35 

•4° 

•44 

•3* 

•29 

•42 

•45 

•34 

•37 

• 3 « 

.38 

•4® 

•39 

•3« 

•55 

•34 

•49 

.64 

•35 

•3<> 

.38 

.41 

.38 

•3> 

•37 

•49 


Hardwoods: 

^ Ash, white (F raxinus a mericana ) . 48 42 

/ Aspen (Pojnilus tremuloides) . 43 2 7 

Basswood (Tilia glabra) . 4 1 

Beech (Fagus grandifolia) . 54 45 

^Birch, paper ( lietula papyrifera) . 50 39 

1 Birch, yellow (lietula lutea) . 57 43 

Butternut (Juglans cinerea) ... . 46 27 

1 Catalpa ( Catalpa speciosa) . 41 29 

I Cherry, black (Prunus serotina) . 46 35 

Chestnut (Castanea dentata) . 55 3 ° 

Corkwood (Leitneria floridana) . 

Cottonwood (Populus deltoides) . 49 2 ® 

I Elin, American (Ulinus americana) . 54 36 

Gum, black (Nyssa sylvatica) . 45 35 

Gum, red ( Liquidambar slyraciflua) . 50 34 


55 
35 
3 2 

56 

48 

55 

S® 

3® 

•47 


•37 

46 

.46 

•44 


Hackberry (Cellis occidentalis) . 50 

HicKory, bilternut (Carya cordiformis) . 63 

Hickory, shagbark (Carya ovala) . 64 

C Ironwood, black (Rhamnidium ferreum) . 86 

Locust, black (Robinia pseudacacia) . 58 

Locust, honey (Gleditsia triacantlios) . 61 

Maple, silver (Acer saccharinum) . 45 

Maple, sugar (Acer sacc/ianim) . 5 6 

Oak, red (Quercus rubra) . 63 

Oak, white (Quercus alba) . 62 
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Table 1 (Continued) 

Density of North American Woods* 


Osage orange iMarfnra pom if era) 

......... 62 

5 2 

-76 

Persimmon tDiospyros virginiana) . 

. <\3 

:>2 


Sav*ali<is i Sassafras albidum) . 

. -14 

3* 

•12 

Suamore \Plalauns ore id nit ahs) . 

:.s 

v> 

•l fi 

Tulip tree tl.iiiodcndron tu/ipifna) . 

3 s 

2* 

•3* 

Walnut, black tIndians nigra) . 

. 

39 


Willow, lilack tSalix nigra) . 

5° 

26 

•34 


* Figures are taken largely from Technical Xolc .Vo. 216 of the Forest Products Laboratory, Madison, 
Wisconsin. 


radio, Schinsxpiis, with a specific gravity of 
about 1.25. Table 1 shows the comparative 
densities oi the commoner or representative 
North American woods. 


VI IV. I II Wl v. 



Balanced blocks of balsa (Ochroma) and que¬ 
bracho, (Schinopsis) showing comparative densities. 
(Courtesy Chicago Natural History Museum.) 

Actual wood substance-i.e., the materi al 
constituting^ cell walls-is denser than 
water. Its specific gravity is about_K5^. If 
a block of wood were so completely crushed 
as to contain no air whatsoever, it would 
immediately sink. Everyone is familiar with 
the tendency of waterlogged wood, wood 
into which water has infiltrated to fill some 


or an 01 me pore space, replacing 
buoyant air, to >,ink or float low. 

Density, as ordinarily reflected in well- 
seasoned or oven-dry wood, depends mostly 
upon the weight and quantity of cell wall 
material contained, since nearly all pore 
space is occupied by "weightless" air and the 
amount of "held" water (water “absorbed” 
in the cell wall) is low. We have seen that 
all cell walls are made up of essentially 
the same materials, and hence have approxi¬ 
mately similar weights.* Consequently, it is 
the quantity of the cell wall that is chiefly 
responsible for density. Wood with a pre¬ 
ponderance of thick-walled cells, or cells 
in which there is little pore space, will be 
denser than wood with many large vessels 
or with much parenchyma; locust or oak 
is considerably denser than fir or basswood. 
Since density thus reflects to a large extent 
the collective thickne ss of the tel l walls, it 
is often an indicator of str ength.in wood , 
smcc str ength is likewise usually a refle t-, 
tion of st outness in the cell walls. 
I/Durability. Only natural durability of 
wood will be considered here; artificial 
durability will be reviewed in a later sec¬ 
tion where wood preservatives are con¬ 
sidered. Natu ral durabilit y is a reflection 
of wood's ability t 0 withstan d the attacks 
of 'deca I organisms and, to a lesser extent, 
certain kinds of_JnsectsJ>cay organisms 


• Differences in proportion of the cell wall constituents wiU of 
deposits o, crystals. 8 ums, or the ,i ke , K ,o„„ d , minor Variations in ccU 






70 


WOOD AXD ITS USES 



Wood-destroying fungi, Poria incrassaln and 
Manlius, showing I mi it i ng bodies on southern 
while pine. I he narrow, irregular lines and spirici- 
weh like growth, usually dark brown or black, ac¬ 
company the activities of decay-producing fungi. 
(Courtesy Dow Chemical Co.) 

(almost exclusively vat ious^Jungi) derive 
their sustenance by dissolving wood sub- 
statue through secretion of hydrolyzing 
en/vmes. Typically they can survive well 
only in the presence'of relatively abundant 
moisture, and drying wood to belowjjijter 
cent moisture content is ordinarily suf- 

r— ' 

ficient to inhibit decay. On the other hand, 
completely wet (immersed, water-logged) 
wood is not readily subject to decay, since 
most decay organisms also need air. Decay 
is more rapjtl in warm climates or seasons 
than in cold. Ideal conditions for decay are 
present in situations in which wood is i n 
contact with moist soil or is subject to 
freque nt show ers; hence the problem is 
particularly serious for posts, ties, mine 
timbers, and tropical construction. The 
comparative natural durability of some 
common North American timbers is given 


in I able 2. Woods that may be considered 
durable are: c atal pa, almost all cedars, 
chestnut, bald cypicss, juniper, black locust, 
red mu I ber ry, Osage orange, redwood, and\ 
black walnut. Woods notably low in resist- 

4 

ante to decay are: aspen and cottonwood, 
bas swood, fix, and willow . Intermediate are 
such species as: D ouglas fir, eastern whit e 
pine, sweet gum, western larch, many .oaks, 
southern yellow pine, and tamarack. Of ' 
high-intermediate status are: honey locust 
and white oak; of low-intermediate status 
are: ash, beech, birch, hemlock, maple, red 
oaks, and spruce. 

I he degree ol “palatabil ity" ol the.xy lem 
cell wall to decay organisms will largely 
determine the degree of natural durability 
ol wood. Other factors, such as the imper¬ 
viousness of the wood (lor example, when 
cell cavities arc blocked by tyloses), may 
have a lesser influence. If the cell wall con¬ 
tains certain chemical compounds toxic or 
depressive to decay organisms, that wood 
will be comparatively resistant to decay. 
One of the most frequent as well as effective 


Remarkable durability of wooden lintels of the 
sapotc. Irlna\ safiota, in the ruins of Uxmal, Yuca¬ 
tan. These Mava ruins arc undated but the esti¬ 
mated age is about 800-1000 years. (Courtesy Paul 
H. Allen.) 
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natural preservatives in wood i s tantwiT the living plant is not apparent.) But in 

any event, alone or in combination they 
are frequently to xic to d ecay organisms 01 
unpalatable to insect forms and thus are 
quite effective as natural preservatives. 
Since the nature of the cell wall determines 
durability, it is obvious that season of cut¬ 
ting, meth od of se asoning, utilization of 
dead or living trees, or even utilization of 
green or seas oned timb ers has little or no 
effect upon the durability of the wood. 
Grain and Figure. To the layman, grain 


Logs with an abundant tannin content- 
say, 15 per cent—may lie on the forest floor 
for prolonged periods and yet remain 
sound: witness the blight-killed chestnut, 
the logs of which are still gathered and 
marketed to yield the chief source of do¬ 
mestic tannin in the United States. Typi¬ 
cally, heartwo od is more duEakk_tha n s ap- 
wood, both because heartwood is usually 
less moist and because various waste ma¬ 
terials of the plant have been deposited in 
and on the cell walls. (These chemicals— 


and figure in wood are more or less syn 
such as pitch or resin, t annin s ,'\ calciu m) onymou s. Precisely, however, grain refers 

oxalate. _various potas sium^ compound s -1 ift o~the~position or arrangement of the cells .J) 

arTpresumed to be waSte, for their use to whereas figure refers only to the design or 

Table 2 

Comparative Natural Durability of Some North American Woods * 


Cedar, eastern red ... ! S ^° ruA '. 
Cedar, southern white 

Cedar, other species . 

Cypress, bald . 

Douglas fir, dense . 

Douglas fir, average .T.. 

Firs . f. . 

Hemlock . 

Larch, western . 

Pine, jack . 

Pine, southern yellow. 


Softwoods 


150-200 
80-100 
»25-1 75 
*25-175 
75-100 

75-85 

25-35 

35-55 

75-85 

35-45 

60-100 


Pine, Norway . 

Pine, pilch and sugar. 

Pine, western white. 

Pine, white . 

Pine, western yellow, pond, loblolly. 

lodgepole . 

Redwood . 

Spruces, various . tf . 

Tamarack.. 

Yew, Pacific (western) . 


45-60 

45-55 

65-80 

70-90 

35-50 

i25-»75 

35-5° 

75-85 

'7° 


Hardwoods 


Ash . 

Aspen ... 
Basswood 
Beech ... 
Birch .... 
Butternut 


Chestnut ... 
Cottonwood 
Elder . 


Elm, white 


40-55 

Gum, red (sweet gum). 

25-35 

Hickory . 

30-40 

Locust, black . 

40-50 

Locust, honey . 

35-50 

Magnolia, evergreen .. 

50-70 

Maple ... .. 

»* 5->75 

Mulberry, red ... 

100-120 

Oaks, red oak group . 

30-40 

Oaks, white oak group. 

25-35 

Oak, chestnut . 

6 5-75 

Osage orange ... 

50-70 

Poplar, yellow (tulip tree) ... 

30-50 

Sycamore . 


Walnut, black . 


Willow . 



65-75 

40-55 

150-250 

80-100 

40-50 

40-50 

150-200 

40-55 

100 

70-90 

200-300 

40-50 

35-45 

100-120 

30-40 


t M Wh 'i e r I0 » S “ res above 100 indica,e 8 reat « durability than white oak those helm* w 
Table adapted from Engineering News-Record, September 28 , 1922 . ' “ b lesser 


durability. 
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|). mern presented by the gr ain. The word 
grain is also used, with some distortion, to 
icier to porosity: for example, when a 
painter terms w ood coa rse-g rained. mean¬ 
ing that it lias large cell cavities which 
absorb a good deal oL paint. Obviously, the 
grain of wood depends first of all upon the 
species of tree from which the wood was 
taken, and secondly upon the manne r in 
which the individual tree grew. Figure is. 
ol course, firstly dependent upon grain, but 
may be highly influenced by unusual growth 
increments (e.g., burls), accidents or in¬ 
jury, and uneven infiltration of coloring 
materials in the secondary cell walls. We 
have also seen how plane of sawing dras¬ 
tically influences the figure, plain-sawing 
cutting across the rays (tangential surface), 
and quarter-sawing cutting all cells lon¬ 
gitudinally (radial surface)/Variations lrom 
plain-to quarter-sawn figure occur, even in 
a single board, and some veneers are ctot 
to approach a transverse surface (cone cut). 

In some hardwoods (often tropical spe¬ 
cies), unusual formations of grain are oc¬ 
casionally found. Interlocked grain (caus¬ 
ing ribbon or stripe figure in quarter-sawn 
boards) occurs where, for some unaccount¬ 
able reason, the spiral of the longitudinal 
cells* reverses direction at repeated inter¬ 
vals in the newer annual rings. Even where 
basic slope of grain is maintained in all 
xylem, secondary undulations in cell ar¬ 
rangement within the annual ring can cause 
the wavy and more pronounced curly or 
fiddle-back figure, particularly common in 
maple. If similar undulations occur radially, 
causing corrugation of the annual ring, 
blister or quilted figure results. Conical 
indentations in the growth increment, of 
unexplained origin, particularly in maple 
but also in birch and ash. produce bird's- 
eye figure when the log is cut tangentially. 


Unusual twisting of xylem cells at crotches, 
burls, buttresses, and stump swells may 
produce locally highly ornamental but un¬ 
predictable figures termed crotch, swirl, and 
so on. Similarly, the presence of knots (bases 
of old branches imbedded in newer xylem) 
influences figure (knotty pine); knots, how¬ 
ever, are commonly considered defects. 
Most other deviations front normal in the 
grain not listed above, such as compression 
wood (abnonna Lxylem formed on low er 
side of branches and leaning trunks), brash¬ 
ness (weak cell walls, due to thinness, poor 
orientation of fibrils, and the like), shakes 
and frost cracks (rupture of cells in standing 
tree), pitch and bark pockets or streaks in 
wood, and various discolorations or stains, 
are likewise considered defects. 

Hardness . Hardness is again a reflection 
in part of the sturdiness of the cell walls, 
owing both to qualitative and quantitative 
factors, and consequently shows a marked 
positive correlation with den sity. It is a, 
familiar faetthat some woods are hard and 
others relatively soft. Hardness tests with 
cise mechanical instrumen ts under con¬ 
trolled conditions are possible, but approxi¬ 
mate hardness, as tested with thumbnail or 
penknife is usually sufficient for practical 
purposes. It is common knowledge that 
light w oods like b alsa, basswood, buckeye, 
poplar, willow, fir, and white pine can be 
readily dented, whereas hickory, locust, 
Osage orange, persimmon, and oak cannot. 
Table 3 shows the comparative ranking of 
common North American timbers under 
five categories of hardness. 

V_^uster, Color, and Pol ish. Luster, color, 
and polish are ol comparatively minor im¬ 
portance in wood, except in logs that are 
to become cabinet wood, furniture, or in¬ 
terior trim. Luster depends upon the ability 
of the cell wall faces to reflect light, which 


• In almost all trees, (lie cells do not run straight tip and down the trunk but spiral slightly in one or 
another direction about the trunk. If this spiraling is overly pronounced, it is considered a defect in the 
Timber. 
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Table i 

Comparative Hardness of Some North American Woods 


Soft 

Moderately Soil 

Moderately Hard 

Hard 

Very Hard 

Softwoods 

SomvooDs 

Softwoods 

Softwoods 

Softwoods 

fir, balsam 

cedar, incense 

bald c\press 

southern yellow 

none 

spruce, various 

cedar, Port Orford 

Douglas fir 

pine, some Juniper 


cedar, western red 

hemlock 


H \RDWOODS 

Hardwoods 

firs, western 

southern \ el low pine 

H \RDWOODS 

hickorv 

basswood 

pities, lodgepolc. 

tamarack and larch 

ash 

locust, black 

buckeye 

pondernsa. red. 


beech 

locust, honev 

“poplars" 

sugar, white 

Hardwoods 

holly 

Osage orange 

redwood 

birch 

hard maple 

persimmon 


spruce, several 

cherry 

mulberry 



chestnut 

red oaks 



H \RDWOODS 

elm 

white oaks 



butternut 

black gum 

black walnut 



catalpa 

hackberry 




tulip tree 

magnolia 




willow 

soft maple 
sassafras 





sweet gum 

svcamorc 




in turn depends upon cell wall structure 
. a n^ composi tion (particularly infiltration 
materials—oily or wa xy coatin gs usually 
i nhibit luste r), plane of cut (radial surface 
is usually more lustrous b ecanse ray flecks 
reflec^Jjght), and angle of mcidence - of 
y light. Most woods are of intermediate luster, 
but in comparison certain kinds have defi¬ 
nitely more sheen than others. For example, 
^^eastern spruce, w hite ash , catalpa,. hard 
^g ^f naple, and sweet gum are conspicuously 
tifoie lustrous than bald cypress, white pine, 
elm, sassafras, and'tulip tree. Color in wood 
is an extremely va'riablejactor, even within 
a species. Notable differences in color are 
usually found between heartwood and _sap- 
wpod, h eartwood ordinarily becoming 
darker as a result of the deposit of infiltra¬ 
tion products in and on the secondary cell 
wall. Mo st distinct ive perhaps are the choco- 
^ late color of bladt wjilnuTt ieartwoocl. the 
^^purplish or red' heartwood o'f red cedar 
(Juniperus), the y e How, of O sage ora nge 
and mulberry, and, among die exotics, the 
black of ebony or the wine red of maho«- 


any. The ability of wood to take a polish 
—i.e., pe rmit the imparting of a smoo th, 
glossy surface to the faces of exposed cel l 
walIs—tret]nently determines its usefulness 
ft as a cabinet wood j Some North American 
V ogels known to polish well are, among th e 
y SoJJjiKSofh, incense cedar. P ort Orfordcedar. 
led ceda r (Juniperns), white pin e: and, 
among the hardwoods, b eech, yellow birc h, 
cherry, hackberry, holly, some oak s, maple, 
p ersimmon, sweet gum, walnu t. 

Moisture Content. The moisture con¬ 
tent of the green heartwood of temperate 
North American trees varies considerably, 
ranging from as much as 70 per cent to as 
little as 7 j>er cent of green weight. Of 
course, sapwood is typically more moist 
than heartwood (especially in softwoods), 
and wood from the base of a tree may be 
somewhat more moist than that higher up. 
Woods noted for a comparatively high mois¬ 
ture content in greenwood are, among the 
softwoods, sugar pine, redwood, eastern 
hemlock, balsam fir, incense cedar, jack 
pine, bald cypress; and. among the hard- 
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End checking in properlv seasoned (lop) and 
poorly seasoned (bottom) timbers. (Courtesy U. S. 
Forest Service.) 


woods, willow, chestnut, buckeye, poplars, 
butternut, basswood, elm, catalpa. 

Generally, other factors being equal, 
woods of low moisture content would be 
preferred to those of high moisture con¬ 
tent, in that on the whole less work would 
be required in seasoning them. But mois¬ 
ture content of green wood is perhaps no 
more significant than is the tendency of 
the wood to hold or reabsorb moisture 
(white oak and gum, for example, are 
notably difficult to dry out). Water con¬ 
tained in the cell cavities (pores) is first to 
evaporate. Woods with thin-walled cells 
and much pore space ordinarily have a 
higher freewater content in comparison 
to wood substance than heavier, harder 
woods, and are more apt to become 
‘‘soaked'’ if left outdoors unprotccted-as 


firewood often is. The imbibed or bound 
water of the cell wall may be later eva¬ 
porated; under normal outdoor atmospheric 
conditions it becomes stabilized at about 
12 per cent (ol dry weight). Wood in which 
the moisture content ol the cell wall is 
low is stronger than wood in which the 
moisture content is high. A "blinker" ma¬ 
chine has been devised which indicates 
instantly the amount of moisture in a given 
wood sample. 

Porosity. Porosity, the quantity of pore 
space of wood, is a reflection of the si/e and 
abundance of the cell cavities (lumen) in 
the wood. We have already seen how the 
word porous has been used in a restricted 
sense, with reference to vessel cells only, 
to define nonporous, ring-porous, and 
diffuse-porous woods. Ordinarily, wood with 
thin cell walls and large cells is notably 
porous. There is thus, usually, an inverse 
correlation between heaviness and porous¬ 
ness. In some woods, such as white oak, the 
large cells, though in fair quantity, are 
blocked or obstructed by balloon-like 
growths, the tyloses. Such woods, though 
apparently porous in texture, are in ac¬ 
tuality nearly impermeable, and are prized 
for use in tight cooperage. All woods are 
moye po rou s w- -tiansydKe^than in radial 
or tangential surface, in that, in the first 
condition, a greater quantity of cells are 
cut across the lumen, thus permitting com¬ 
paratively ready passage to gases or liquids. 
Porosity is ol particular concern in the 
painting and preservative treatment of 
wood, 

Shrinkage and Seasoning. Shrinkage in 
wood occurs as the moisture content of the 
cell wall decreases. There is no shrinkage 
so long as only the free capillary water- 
tliat of the cell cavities or pore space- 
evaporates. The point at which no free 
water remains, but the imbibed water in 
the cell wall is at its maximum is called the 


fibe r sa jurati gn po int. Loss of water be- 



WOOD AND ITS USES 


r* r 

n 


yond the fiber saturation point, u p to the 
ove n-drv condition, mav resu li ■» sbrinLige 
of as much as 20 per cent (ol log volume). 
This shrinkage is chiefly across the grain 
(at right angles to the long axis of the 



Diagram ol different cuts of same log showing 
shrinkage or distortion as affected by direction of 
annual rings. (Courtesy U. S. Forest Service.) 



Kiln drying lumber on an experimental basis. 
(Courtesy U. S. Forest Service.) 


majority of cells), and about twice as 
marked tangentially as radially (primarily 
because of the strengthening rays in a radial 
plane.) 

Most lumber must be dried or seasoned 
to reduce the moisture content found in 
newly felled trees, in order to save shipping 
(weight) costs, to prevent later shrinkage 
during use, to increase strength, to inhibit 
stain fungi and early decay, and to favor 
application of paints or preservatives. 
Such seasoning may be accomplished in 
the open air or in kilns. In either case, 
low air humidities, rapid circulation of 
the air, and high temperatures favor rapid 
evaporation of water from the wood. The 
proper regulation of this evaporation is 
critical in Helping to prevent checking, 
warping, twming, case-hardening, or honey¬ 
combing. If evaporation from one surface 
is favored (a transverse face dries most 


rapidly, and should be shaded if possible 
in open-a ir seaso ning), or if outer layers 
season rapidly while inner layers retain 
most of their moisture, stresses^ and strains 
will occur that may produce the defects 
mentioned. There is no need to review here 
the rather technical problems of season¬ 
ing; reference to the accompanying illus¬ 
tration will explain how variously cut 
boards may be distorted, principally be¬ 
cause of greater shrinkage in the tangential 
than in the radial plane.* 

In open-air seasoning, distortion can be 
largely prevented by proper piling (both to 
hold the planks firm and to encourage 
good circulation of air) and by assuring 
comparable exposure of (and hence com¬ 
parable evaporation from) all surfaces. In 
kiln drying, the same factors apply, but 
humidity, circulation, and temperature can 
be rigidly controlled. A drying kiln properly 


fa^The 2£ B d K^,: ni °! due ,o “«* and s, ™ s <"»» ^ 
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(ontrolled can safely and quickly season expanding somewhat in the process. Most 
wood to optimum moisture content for any defects in seasoning occur because of too 
specified use. For most ordinary uses in rapid drying (of outer surfaces), a condition 
average climates of the United States, a often due to too sudden or unequal heating 
final moisture content of about 7 to 12 per or exposure to low humidity. Table 4 lists 
cent is desirable. I here is no reason to re- shrinkage values, from green to oven-dried 
duce moisture content below such a figure, condition, lor a number of common North 
lor wood will soon reabsorb from the air American woods. 

sufficient moisture to reach this equilibrium, Stiffness. Stiffness refers to the ability of 


Table 4 

Shrinkage of Some North American Woods * 




Shrinkage Per Cent 

Ratio- 

Species 

Volumetric Radial 

Tangential 

Tangential 
to Radial 

Softwoods: 

Cedar, western red (Thuja plicata) . 

7-7 

2.4 

5.0 

2.08 

Raid cypress (Taxodium ilistichum) _ 

105 

3 - 8 

6.2 

1.63 

Douglas fir ( Pseudotsuga taxi folia) . 

11.8 

5.0 

7.8 

1.56 

Pine, longleaf (Pinas palustris) . 

•• *2.3 

5-3 

7-5 

1.42 

Pine, northern white (P. slrobus) 

.. 8.2 

2-3 

6.0 

2.61 

Pine, short leaf (P. echinata) 

12.6 

5 *» 

8.2 

1.61 

Pine, western white (P. rnonticola) . 

.. 11.8 

4.1 

7-4 

1.81 

Redwood ( Sequoia sempervirens) . 

6.8 

2.6 

4.4 

..56 

Spruce, Sitka (Picea sitchensis) . 

.. 11.5 

4-3 

7-5 

1.74 

Hardwoods: 

Ash, white (Fraxitius americana) . 

* 3-3 

4-9 

7-9 

1.61 

Basswood (Tilia glabra) . 


6.6 

9-3 

hi 

Beech ( Fagus grandifolia) . 

16.3 

5-i 

11.0 

2.16 

Birch, yellow (Iielala lulea) . 

16.7 

7.2 

9-2 

1.28 

Elm, American (Ulmus americana) . 

•4-6 

4-2 

9-5 

2.26 

Sweet gum (Liquidambar styraciflua ) . 

'5-0 

5-2 

9-9 

1.90 

Hickory, big-leaf shagbark (Carya laciniosa) 

19.2 

7.6 

12.6 

1.66 

Maple, sugar (Acer saccharum) . 

• * 1-9 

4-9 

9-5 

* 94 

Oak, red (Quercus rubra) . 

• 3-5 

4-o 

8.2 

2.05 

Oak, white (Outreus alba) . 

15.8 

5-3 

9.0 

1.70 

Tulip tree (Liriodendron lulipifera) . 

12.3 

4-0 

7 - 1 

1.78 

Walnut, black (Juglans nigra) . 

. 11.3 

5 * 

7' 

>•37 


Taken from Table III, The Seasoning of Wood, by J. S. Mathewson. Forest Products Laboratory, Forest Service, 
l’. S. Department of Agriculture. 

• 

wood cells collectively to withstand bending yellow and red pines, and tamarack (brit- 
or distortion! It is thus a reflection ofiioth tie), and, among the hardwoods, ash, hard 
the quality and quantity of xylem cell wall maple, red oak, and black walnut; classed 
substance, and of the binding surface be- as moderately stiff are the softwoods bald 
tween cells. Woods classed as very stiff in- cypress, Douglas fir, redwood, and some 
elude black locust and Osage orange; those spruces, and the hardwoods magnolia, soft 
classed as stiff include, among the soft- maple, sycamore, and tulip tree, 
woods, Port Orford cedar, northern white Strength. As applied to wood, strength is 
cedar (brittle), hemlock (brittle), southern a very general term. For precise compari- 
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son, tiie word must be qualified to indicate 
the kind of strength in question. Thus we 
have n ulling st rength (resistance to end¬ 
wise co mpression or crushing of the .c ells); 
tensile strength (ability to with stand tensio n 
or pulling apart: force is applied in the 
opposite direction to that applied in testing 
crushing strength: the tensile strength of 
wood is greater than its crushing strength, 
and when wood breaks under load the up¬ 
per cells fail or crush before the lower 
cells tear apart): shearing strength (ability 
of cells to withstand forces tending to slide 
them by one another: dependent upon adhe¬ 
sion of cell walls): crossbreaking strength 


(ability to sustain load at right angles to 
grain, hence a reflection of several types of 
strength mentioned): and so on. Of these 
several types, crushing strength is perhaps 
most critical. As indicated, it is less than 
tensile strength, and is first to give way in 
crossbreakage: it will thus largely deter¬ 
mine crossbreaking strength or failure un¬ 
der load for most uses of wood. In Table 
5 some common North American woods arc 
classified as to their crushing strength. 
Table 6 arranges the same general species 
in order of bending strength. It will be 
noted that on the whole this rating parallels 
that for crushing strength. 


Table 5 


Crushing Strength of Some Common North American Woods 


Very High 

High 

Moderately High 

Moderately Low 

Low 

hickory 
black locusi 
honey locust 
persimmon 

Softwoods 

Port Orford cedar 
bald cypress 

Douglas fir 
pines, southern yel¬ 
low and red 
redwood 

tamarack and larch 

SoFr woods 
incense cedar 
red cedar 
(Juniperus) 
firs, western 
hemlocks 

western while pine 

Softwoods 
western red cedar 
balsam fir 
pines, lodgcpole, 
pondcrosa, sugar, 
white 

Softwoods 

northern white cedar 
spruce 


Hardwoods 

ash 
beech 
cherry 
hard maple 
red oak 
white oak 

Osage orange 
walnut 

Hardwoods 

birch 

chestnut 

gum 

soft maple 
sweet gum 
sycamore 

Hardwoods 

elm 

hackberry 
holly 
tulip tree 

Hardwoods 

basswood 

buckeye 

/ 

catalpa 

poplars 

willow 


Texture. Texture is, of course, largely a 
refl ection of gra in—i.e., it depends upon 
the si ze and quality of the cell's of the wnn t \ 
Often a primary consideration in orna¬ 
mental woods, texture is of little or no im¬ 
portance in construction timbers. Most 
woods will wear or saw smooth, but others 
present the frayed or roughened ends oT 
cell walls on any cut surface. Notable for 
harsh textu re in this sense are incense 


cedar, hemlock, elm and poplars; in con¬ 
trast, red cedar {]uniperus), Port Orford 
cedar, beech, and hard maple .are smooth- 
textured. Texture may also refer to the 
size ce h lumen (and width of rays), in 
w hich case wood may be spoken nf as fine- 
textured or co arse-tex tured. Red cedar (Ju- 
ifipei us) and other cedars, for example, are 
fine-textured in comparison with the coarse- 
textured bald cypress, redwood, or sugar 
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Table 6 

Bending Strength of Some Common North American Woods 


I'cry Hit*h 

1 High 

Moderately High 

Moderately Weak 

Weak 

hitkon 

Son woods 

Softwoods 

Softwoods 

Softwoods 

southern \ello\v pine 

Port Orford cedar 

incense cedar 

northern white 

black locust 


bald cypress 

western red cedar 

cedar 

hard maple 


Douglas fir 

red cedar 

balsam fir 

persimmon 


western hemlock 

[Juniper us) 

spruces, various 



red pine 

firs, western 
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redwood 

eastern hemlock 



ash 

tamarack and larch 

pines, lodgepole, 



beech 

Hardwoods 

ponderosa. sugar, 



cherry 

white 



elm 

birch 

western white 



hackberry 

chestnut 

Hardwoods 



honey locust 

gum 

Hardwoods 


red oak 

holly 

basswood 

buckeye 


white oak 

magnolia 

catalpa 

poplars 


Osage orange 

soft maple 

sassafras 

willow 


black walnut 

sweet gum 

tulip tree 




sycamore 




pine; chestnut or oak is coarse-textured in 
comparison with basswood or gum. 

Toughness. Toughness is a genetal term 
with several s hades ol mean ing. Ordinarily, 
a tough wood is one which will split or tear 
apart only with difficulty, under repeated 
pounding or hard usage. This characteristic 
is a reflec tion of gr ain (intertwining of 
fibers) as well as ol inherent tenacity of the 
cell walls. More precisely, toughness is 
resistance to shock—the ability ol wood to 
.Jlatisorb" sudd en blows or stresses without 
^failing . Raungs ol some common North 
American timbers for shock resistance are 
given in Table 7. 

Miscellaneous Characteristics. Among 
the miscellaneous characteristics of wood 
might be listed odor and taste. Odor is 
dependent upon vol atile com pounds, such 
as the ethereal oils of ceda r, which are not 
in themselves part of wood substance. They 
are usually more pronounced in green than 
in seasoned wood. Woods with distinctive 
odors include: incense-cedar, Port Orford 
cedar, western red cedar, red cedar, (Juni- 
paus), northern white cedar, bald cypress, 


Douglas fir, pines (lodgepole, ponderosa, 
red, southern yellow, sugar, white, and 
western white), basswood, buckeye, catalpa, 
sassafras, and black walnut. Distinctive 
taste in wood is less usual. It is dependent 
upon soluble infiltration products or deposi¬ 
tions on the cell wall. Other miscellaneous 
characteristics often of importance are: 
cle avabil ity (ease of splitting: tendency of 
wood cells to part, particularly along rays 
or annual rings), ease in working or machin¬ 
ing, ability to take glues and hold paints, 
nail-holding capacity, and so on. 

Primary uses of wood. The uses of 
wood by mankind, for which about a half¬ 
bill ioncubicmeters are cut annually 
throughout the world, are legibn. We have 
already seen that there is no other sub¬ 
stance, not even steel, so widely adaptable to 
common use. In spite of the fact that in the 
past man has been little concerned about 
preserving the forests and has failed to take 
precautionary measures to insure adequate 
supplies of wood, for ests and fores t .pro- 
ducts should not and cannot be ignored in 
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Table 7 


Shock Resistance of Some Common North American Woods 


High 

Moderately High 

Moderately Low 

Low 

) 

Softwoods 

Son woods 

Softwoods 

Softwoods 

pine, southern 

Port Orford cedar 

bald cypress 

incense cedar 

yellow 

Douglas fir 

Ins. western 

northern white cedar 

red cedar 

red pine 

hemlocks 

western red cedar 

[Juniper us) 

tamarack and larch 

pines, eastern white. 

balsam fir 



western white. 

sugar pine 

Hardwoods 

Hardwoods 

lodgepolc. 

spruces, various 

hickory and black 
locust, very high 

catalpa 

gum 

jKmderosa 

redwood 

• 


ash 

magnolia 

spruces, various 

Hardwoods 

beech 

soft maple 
willow 


birch 

Hardwoods 

basswood 

cherry 


sycamore 

buckeye 

elm 

hackberry 

hollv 

• 

honev locust 

# 

hard maple 
red oak 
white oak 


tulip tree 

chestnut 

poplars 




persimmon 




sassafras 





the e conomy of the futur e. There is no 
doubt that lean years are ahead as far as 
timber supplies are concerned, for most of 
the world, including the United States, but 
it would be the utmost folly to disregard a 
renewable resource like the forest and place 
future hopes in nonrpnp^ahlp mineral re¬ 
sources, More will be said concerning forest 
management and sustained-yield forestry in 
the next chapter. The following pages will 


stress the important uses of wood, indicating 
where possible past, present, and expected 
future demands in the large and basic forest- 
product industries. Table 8 shows the total 
drain on all timber in the United States 
for 1944, classified according to major uses. 
Uses will be discussed in accordance with 
the following outline, which lists them in 
general in decreasing order of importance. 


glueing, or treatment with preservatives where 

pertinent) 

1. Lumber and sawed timbers 

A. Construction, including maintenance and repair 
B; Crating and shipping supplies 
C. Manufactures, including furniture 

2. Fuelwood 

3. Posts, mine timbers, poles, and pilings 

4. Veneers, plywoods, and laminated structures 

5. Ties and railroad maintenance 

6. Cooperage 

7. Miscellaneous, including excelsior, shingles, sponing goods, lurnerv. and so on. 



so 
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II. Wood conversion products 
1. Pulp and paper 
^1. Rayon 
Plastics 

^ I. Modified woods 

5. Hydrolysis, fermentation, and other chc niurgic pro ducts 
(). Distillation 


HI. Secondary forest products 
JT. Cork 

Christmas trees 
3. Vegetable ivory 

(A discussion of essential oils, resins, dyes, tannins, fruits, sugar, honey, pharmaceuticals, 
and other products will be deferred until later chapters, where each is treated in detail. 
Perhaps the most important secondary forest in dustr y then to be considered is turpentin- 
ing-thc naval stores industry of the southeastern United States). 

Table 8 

Annual Drain of All Timber on Commercial Forest Lands of the 
United States for 194-1, According to Commodities * 

All-l imher Drain 
(millions of cubic feet) 


Itkm 

Total 

Softwoods 

Hardwoods 

Lumber . 

. fi.711 

4.778 

*•933 

Fuel wood . 

. 2.203 

7 • 9 

M «4 

Pulpwood . 

. >S«6 

1.163 

'43 

Hewed tics . 

363 

•53 

210 

Fence posts . 

. 220 

59 

l6l 

Veneer logs . 

392 

165 

227 

Mine timbers . 

. 225 

40 

185 

Cooperage . 

'74 

40 

*34 

Shingles . 

72 

72 

• • 

Other . 

. 5 ' 6 

'59 

357 

Total . 

. 12.182 

7-348 

4-834 


•Taken from Gaging the Timber Resource of the United States. Report i, Table 25. 
Forest Service. U. S. Department of Agriculture, 1946. (More recent comparable data not 
available.) 


I. Unprocessed Timber 

1. Lumber and saiced timbers. This 
use of timber is by far the most important 
in the United States today (and in many 
war-devastated portions of the world as 
well). Probably some 40 billion board feet 
of lumber, worth in final form some 16 
billion dollars (at 1946 construction prices) 
is being, and will continue for some time 
to be. used in the United States annually. 


This amount is almost half again as much 
lumber as is used for all other purposes com¬ 
bined. Of it, roughly 75 per cent is used 
for construction purposes, with perhaps 13 
or 14 per cent going for shipping and the 
remaining 11 to 12 per cent into manu¬ 
factures. 

A. Construction, Maintenance, and 
Repair. Prior to World War II, the largest 
annual consumption of lumber for construc¬ 
tion in the United States was in 1925, when 
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Past lumber consumption of the United States and estimated potential require 
mcnts. (After Forest Products Laboratory chart.) 


almost SOhjllion board feet were consumed. 
During the depression years of the 1930’s, 
there occurred a marked falling-off of con¬ 
sumption to as little as 10.5 billion board 
feet in 1933. In 1942 consumption again 
rose to the 30 billion board feet mark, but 
slumped immediately thereafter as war 
economy disrupted civilian uses. The 
United States at mid-century finds herself 
with a housing shortage and a still expand- 
ing population, leading to demands for 


more than a million new dwelling units 
annually that will likely persist for some 
years to come. This is quite apart from 
needed replacement of many antiquated 
and substandard units now in use, par¬ 
ticularly in rural areas. Undoubtedly, at 
least 30 billion board feet of construction 
lumber will be needed each year for a 
number of years, provided, of course, that 
our forest resources can continue to meet 
the demand at reasonable price levels. 





Log train awaiting dumping of logs into millpond at Crossctt, Ark. (Courtesy 

U. S. Forest Service. From Unasvlva.) 


The chart (page 81) shows the consumption 
of construction lumber (as well as construc¬ 
tion for manufactures and shipping pur¬ 
poses) in the United States since 1920, 
together with estimated requirements until 
1955. 

//fmmber for construction purposes is 
'drawn from all forest belts and many tim¬ 
ber species. In 19-44 the northern coniferous 
belt (United States only) supplied about 6 
per cent of the lumber cut, the eastern 
hardwood belt some 9 per cent, the south¬ 
eastern coniferous belt about 40 per cent, 
the Rocky Mountain coniferous belt about 
0 per cent, and the Pacific belt about 39 
per cent. On the whole a good quality of 
tree is demanded, principally from soft¬ 
wood types (of the total lumber cut in the 
United States in 1911, about three-fourths 
was softwood). With very rare exceptions, 
trees ol saw-timber si/e must be utilized 


(saw-timber si/e varies according to region 
and species, but may for convenience be 
considered to describe sound trees of 9-inch 
or greater diameter). Only in the Pacific 
(and to a lesser extent the Rocky Mountain) 
belt do there remain significant stands 
of large trees suitable for supplying the 
quantity of saw-timber commensurate with 
potential domestic needs. It is to be 
hoped that belore the virgin stands of the 
western United States are completely ex¬ 
hausted, constructive forest programs will 
have established in the East growing stock 
sufficient to meet most of the timber re¬ 
quirements of future generations of Ameri¬ 
cans. 

Home construction is a problem of large 
moment in the United States today, and 
has been since colonial limes. And in spite 
ol the promotion of various other construc¬ 
tion materials, four-fifths of the present 
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dwellings ol this country, occupied by some 
!)() million inhabitants, are ol wood con¬ 
struction. Moreover, in a large proportion 
of the remainder wood serves such major 
functions as iramework. floors, doors, win- 
dows, and trim. Some American frame 
houses (for example, the Fairbanks house 
ol Dedham, Massachusetts, built in 1636) 
have endured for more than three hundred 
years, through storm and hurricane: and 
indeed it is not uncommon to find houses 
more than a hundred years old in North 
America as well as in Europe. Reasons why 
wood is often preferred to other materials 
for home construction have already been 
discussed in this chapter, under "Properties 
of wood." Most of the serious objections to 
it can be obviated by modern methods: 
boards can be treated with fi re-retardan t 
chemicals, for example, to make them nearly 
noninflammable, and proper construction 
methods can easily insure t ermite-proo f 
houses. In the past, wood has been handi¬ 
capped in precision-engineering of large 
structures by inefficiency in the prevailing 
methods of joining large timbers, but 
recently steel fastenings known as connec¬ 
tors (toothed steel disks, plates, or dowels 
2 to 10 in. in diameter inserted between 
adjacent timber faces to distribute stress 
more uniformly and to hold joined mem¬ 
bers rigid) have been devised that greatly 
surpass in efficiency the traditi onal form 
of fastening by nails or bolts.QConnectors 
have been utilized to make timber trusses 
exceeding 100_ ft. in span, and in Europe 
at least one radio tower, 600 ft. high, has 
been built of wood utilizing connectors. 

It is unfortunate “that, with the heavy 
demand for timber today, more attention is 
not given to quality of construction. Follow¬ 
ing World War II, many dwellings and 
other buildings were constructed of un¬ 
seasoned lumber, often with poor and hasty 
workmanship; in future years depreciation 
of such units can be expected to proceed 



Treating lumber with a wa ter repellent presen a- 
tne formulation containing pemachlorophenol. 
Lumber so treated will resist decay and insect ~aT" 
tack. (Courtesy Dow Chemical Co.) 

with rapidity. It is particularly unfortunate, 
in that for very little extra cost this lumber 
could have been quickly and properly 
kiln-dried to seasoned proportions. Simi¬ 
larly, the building trades and real estate 
groups have been accused of organized 
resistance to progressive construction 
methods, particularly prefabrication. It is 
alleged that mass-produced prefabricated 
dwellings could be constructed at great 
saving to home-buyers and with consider¬ 
able savings in quantity of lumber con¬ 
sumed in a nation soon to be timber-poor. 
An average c ottage-type hom e of conven¬ 
tional construction is estimated to contain 
almost 10,000 board feet of lumber; on the 
other hand, a prefabricated house of similar 
capacity could probably be constructed of 
as little as 5,000 board feet. 

In addition to residential building, which 
consumes the greatest proportion of con¬ 
st ruction lum ber, oilier private construction 
(stored shops, churches, schools, hospitals, 
hotels, and so forth) consumes in the neigh¬ 
borhood of 3 billion board feet annually. 
Private utilities (railroads, transit, electric, 
gas, telephone, pipeline, and other) utilize 
another billion or more board feet, and 
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Crate made to house the wing of a bomber on 
the long haul across the Pacific during World War 
II. (Courtesy V. S. Foiest Service.) 


public construction (schools, institutions, 
roads, military installations, water works, 
sewage disposal units, airports, parks and 
forests, and so on) consumes still an addi¬ 
tional 3 to I billion board leet. Farm main¬ 
tenance and repair demand about fi billion 
board feet; and urban maintenance and 
miscellaneous uses, some 3 billion board 
feet, annually. 

B. Crating and Shipping Supplies. Dur¬ 
ing World War II, as much as 13.5 billion 
board feet of lumber was utilized in the 
United States annually for boxing, crating, 
and dunnage (blocking and bracing in box¬ 
car and ship). Reference lo page HI will 
show this to be by far the most profligate 
use of timber for tliesc 1 purposes sinte 1920.* 
The Forest Service predicts that in a peace¬ 
time economy the quantity of lumber 
needed annually for crating and shipping 
purposes would be about 0 billion board 
feet. WoocJeiL 4 )acking material has always 
been preferred for lresh fruits and vege¬ 
tables, machinery, air-nail parts, plate glass, 
precision instruments, and the like. Doubt¬ 
less such items will continue to be packaged 


in wood, in spite of a modern trend towards 
greater use ol li ber cart ons. Lumber used 
lor transporting this class ol commodities 
comprises about two-thirds ol the total 
lumber used for crating and shipping. 
Although the trend is away from the use ol 
wooden packing for foods (other than lresh 
fruits and vegetables) and beverages, build¬ 
ing materials, furnishings, chemicals, paints, 
books, textiles, and like items, such use 
should still demand about 1.5 b illion board 
feet ol lumber annually; and overseas com¬ 
merce will probably require another half¬ 
billion board leet. Usually, cheaper, poor- 
quality woods can be used for crating. 
Ability to take and hold nails, tendency to 
split, and weight are ol most concern. 

C. Manufactures. It is in the held of 
manufactures that lumber has most notablv 
given way to other materials, particularly 
to metals and plastics. This is especially 
true lor such commodities as vehicles, 
"woodenware,” agricultural implements, 
farm tanks and silos, fixtures, r efrigerato rs, 
paving materials, trunks, pict ure fram es, 
and so forth. A number of other commodi¬ 
ties, however, still depend largely upon 
wood; these include furniture, handles, 
caskets, patterns, boats, musi cal in struments, 
matches, t oys , shoejindings, texti le eciu ip- 
ment, pencils, sporting, goods, signs, and 
but cher’s blocks. The fourteen commodities 
just listed consumed more than 2 billion 
board feet of lumber in 1940, or more than 
80 per cent of all lumber utilized for 
manufacture*. The quantity consumed by 
all manufactures was slightly less than 3 
billion board feet (sec page 81). It has 
been estimated that the annual demand for 
wood for manufactures in the coming years 

v 


• Such special items as crates lo hold the massive wings of B -29 bombers for deck shipment to the 
Far Fast, strong enough to permit motor vehicles to he stowed on top, demanded immense quantities 
of lumber. The Forest Products Laboratory of Madison. Wisconsin, devoted special research to develop¬ 
ing more efficient crating methods, and devised many improved means of protecting delicate mechanisms 
subjected to the roughest ol treatment. Improvements in the design of crates have resulted in the pro- 
tncssive diminution of claims against carriers in recent decades. 
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will approximate 5 billion board_ feet. In 
the past the fu rniture indu stry has been by 
far the largest user of wood among the 
manufactures, accounting for about one- 
third of total consumption, and there is no 
reaso n to expect any lessening of this ratio 
in Hie immediate future, for wood remains 
without rival the outstanding material for 
movable furnishings of the home. An in- 
^ dustry expected to consume about 2.4 bil¬ 
lion board feet of lumber annually for the 
next few years may be worthy of further 
comment. 

Both beauty and reasonableness of price 
in furniture depend upon the utilization of 
^veneers. The greatest craftsmen in furni ture 
design have always been masters of veneer¬ 
ing. Perhaps the finest desk ever made, that 
commissioned of Jean Oeben by Louis XV 
of France, took two master craftsmen nine 
years to produce its unrivaled marquetry; 
today it is in the Louvre, valued beyond 
price. There has often been popular pre¬ 
judice against veneers, solid wood being 
thought superior. Vet no solid wood can 
show die striking figmgj md matched desig n 1 
produced by the veneer knife cutting logs 
of selected grain at exactly the most favor¬ 
able angle. Nor is solid furniture so resistant 
to change in dimension and cracking or 
splitting as is well-made veneer. More will 
be said of veneer subsequently. On the 
other hand, solid-wood furniture does give 
its owner the satisfaction oj_knowing that 
the wood throughout the piece is the same 
as that on the surface. If furniture is to be 
carved, solid wood is almost invariably 
preferred. Moreover, the weiglu-bearing 
portions of furniture, or those parts subject 
to abrasion and wear, must consist of solid 
wood. Qujdit ^ pianos a ndradios not only 
take advantage of the bmufancT sturdiness 
of wood construction, but utilize its acoustic 
properties as well, the resonance of wood 
enhancing the pleasing jone oLthe music 
issmn& from them . 


2. Fuelicood. City-dwellers in America 
little realize the importance of wood as a 
fuel, even in a country as i ndustrialize d as 
the United States. Here the annual drain of 
timber lor fuel is estimated to be slightly 
less than 2 billion cubic feet, approximately 
one-fifth as much as the demand for lumber, 
fuelwood being second in importance only 
to lumber among the domestic uses of tim¬ 
ber. Since the beginning of colonization fuel 
is believed to account for more than half 
of all forest volume cut. And today in such 
coal-poor, nonindustrialized countries as 
Brazil, timber consumption for fuel is un¬ 
doubtedly far and away of first im portance. 
In Brazil, most of the r ailroa ds and steam¬ 
boats are powered by wood, utilities of 
some of the large coastal cities of the north 
derive their energy from wood, and do¬ 
mestic cooking is commonly clone over a 
wood or charcoal fire. 

In the United States, f uelwoo d is used 
primarily for heating and cooking in rural 
areas, particularly in the South and West. 
About two-thirds of the supply comes from 
hardwoods, one-third from softwoods. As 
added utihties become available to farm 
homes, the consumption of wood for this 
purpose will doubtless gradual])' decrease, 
as it has been doing in the course of the 
trend towards industrialization within the 
last century. Minor quantities of wood are 

» ^ (in Latin America 

this is an important loc al indust ry, but in 
the United States relatively unimportant). 
Devotees of the fireplace in suburban areas 
annually consume some millions of cubic 
feet of wood, and additional minor-a mounts 
go to cure tobac co, sm oke m eats and other 
foods, boil_down maple syrup, and supply- 
outdoor campfires. 

Loss of growing stock caused by the utili¬ 
zation of timber for fuel, though serious, is 
not so serious as it might seem. Probably 
less than half die total consumption comes 
from living, sound trees, the rest being 
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accounted for by windfalls, tops and waste 
front cutting for other purposes, and culls 
of various sorts. In the Pacific Northwest 
there has developed an increasing use of 
sawdust, especiajiv-i n br iquet or artificial 
lo£__Lorm. Cutting of culls and inferior 
species may even be beneficial in forest 
management, improving the quality of the 
stand. Still, a third or more of the fuel wood 
cut probably comes from sound trees of saw- 
timber si/e, felled specifically to furnish 
cordwood. This results in an annual drain 
of about 3 billion board feet of potential 
lumber, as much as is utilized by the entire 
furniture industry or would be required to 
sustain all urban maintenance and repair. 

Wood for fuel has the least exacting 
requirements of any timber use. All species 
may be utilized, their efficiency as a fuel 
depending upon their density and dryness, 

and on the efficiency of the stove or furnace 

/ 

* 

in which they are burned. Other things 
being equal, the heavier the log, the more 
wood substance available per unit volume. 
We have already seen how all wood sub- 
stance is essentially similar and hence yields, 
pound for pound, nearly equivalent quanti¬ 
ties of heat (about f calories per gram 
burned). There are three stages in burning. 
First, any moisture contained in the wood 
is evaporated. This evaporation consumes 
a proportional amount of heat, so that the 
drier the wood—i.e., the more effectively it 
has been seasoned and stored—the better 
are its fuel qualities. Second, volatile ma¬ 
terials are vaporized, causing the flame of 
the fire as they burn; these are essentially 
equivalent in fuel value in all species, but 
a poorly laid fire or inefficient stove may 
smoke—i.e., fail to effect complete combus¬ 
tion so as to utilize all potential heat. 
Furthermore, "resinous" vapors from many 
woods suffering incomplete combustion may 
accumulate on chimneys, creating a fire 
hazard there, or may blacken utensils used 
over an open fire. Third, the basic cell 


wall material (mostly cellulose) burns or 
glows withoiujlame. This is the stage of 
maximum heat production, and sufficient 
draft must be maintained to effect complete 
combustion. It is at this stage that denser 
woods (those with more cell wall substance) 
demonstrate their superiority in quantity 
of heat produced per volume used. Woods 
like Osage orange, blacky-locust, honey 
locu st, and hickory are, for heating pur¬ 
poses, superior to such kinds as poplars, 
willows, basswood, and catalpa. 

A discussion of fuelwood should not 
end without mentioning coal. In a sense, 
coal is wood—the residuum of fallen logs 
principally of the late Paleozoic era of some 
few hundred million years ago. Natural 
forces have compressed and altered the 
wood substance of the cell walls of many 
strange and ancient plants until nearly 
pure carbon remains. Indeed, coal, lignite, 
peat, and perhaps even portions of petro¬ 
leum are a resource bequeathed to modern 
man by extensive forests of past ages— 
forests cpiite dissimilar, of course, to those 
of today. What energy those forests of long 
ago accumulated during countless ages man 
is now releasing for his use in a few brief 
centuries. 

3. Posts, mine timbers, poles, and pil¬ 
ings. Timber used for posts, mine timbers, 
piles, and pilings in the United States 
amounts annually to about 900 million 
cubic feet, or to roughly half the cubic 
capacity expended for fuelwood. Of this, 
about half is used for fence posts, a quarter 
or more for mine timbers (both sawed and 
unsawed), and, of the remaining quarter, 
three-fourths is used for poles. 

Posts. About 600 million posts are needed 
annually, principally for new fencing and 
replacement on farms. Most (more than 
half) of the supply comes from farm wood- 
lots and is used on the same farm where it 
is produced. Often, cull trees or inferior 
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lumber species are utilized; trees of saw- 
timber si/e provide only about one-fourth 
of the supply. Traditionally durable woods 
such as cedar, chestnut and Osage oiange 
are preferred for posts, but nearly all 
species have been utilized, depending upon 
local availability. In recent times, preserva¬ 
tive treatment has often been practiced, 
materially lengthening the life of the post. 
Perhaps with further progress in preserva¬ 
tion methods and education of rural popu¬ 
lations, a decided decrease in the annual 
need for replacements of posts can be 
achieved. The equivalent of nearly half a 
billion board feet of timber could be saved 
annually if preservative treatment of posts 
were generally practiced. One of the greatest 
needs in practical wood research today is 
for a simple, inexpensive, trouble-free me¬ 
thod of preservative treatment that can be 
readily practiced on the farm by the owner 
or by inexperienced and untrained day 
labor. 

Mine Timbers. Unsawed mine timbers, 
used in the United States chiefly in the 
eastern coal mines, annually account for 
the consumption of about 200 million cubic 
feet of timber. In addition, perhaps 500 
million cubic feet of sawed lumber goes 
into the mines, making the over-all total of 
timber drainage for mining purposes 
slightly greater than that used for posts. 
Sawed timber has already been considered; 
consequently, we shall discuss only un- 
sawecl mine timbers, briefly, here. 

Unsawed mine timbers are used for props 
(to support overhead burden in tunnels 
as coal or ore is removed), lagging (small 
sticks placed between props and walls to 
prevent infall of debris), and ties (founda¬ 
tion for rails for light carts or small trains). 
As for posts, culls and inferior species can 
be utilized, so that only about one-third of 
the unsawed mine timbers, principally 
hardwoods, come from trees of saw-timber 
size. Also as for posts, preservative treat¬ 


ment is coming to be practiced wheie tim¬ 
bers are utilized in permanent or semipei- 
manent passages, considerably lengthening 
their usually notoriously short life (mines 
are notably moist and conducive to decay 
anti corrosion), but since preservative treat¬ 
ment is economically practicable only in 
tunnelings that will be used for some years, 
the opportunity to effect future savings of 
timber through preservative treatment is 
considerably less than with fence posts. 

Poles. Almost 50 million miles of tele¬ 
phone and telegraph wire, and millions of 
miles more of electric utility wire, now span 
the United States above ground, held by 
nonconduclive, noncorrosive wooden poles. 
In addition to being good insulators, 
wooden poles are also strong and elastic 
under storm stress, and, properly treated, 
are quite durable. Until that distant day 
when all urban wiring is below ground, 
wooden poles will continue to be demanded 
for new extension of utilities and for the 
annual replacement of existing poles (some 
few million annually). This_demand should 
cause a drainage on timber resources of 
slightly less than 100 million cubic feet, of 
which about 90 per cent must be supplied 
by trees of saw-timber size. Practically all 
poles utilized today are preservative-treated; 
some are treated in their entirety; others 
are given butt-treatment only. Softwoods 
have traditionally furnished species most 
suitable for poles, but, depending upon 
local availability, almost any species of 
sufficient dimensions and strength can serve. 
Most used today are perhaps Douglas fir, 
Southern yellow pine, western red and 
northern white cedars, and lodgepole pine. 

Pilings. Nearly 30 million cubic feet of 
timber is needed annually in die United 
States for pilings. Since pilings must be 
large and sound, practically 100 per cent of 
the supply must be obtained from saw- 
timber, mostly softwood. Pilings are used 
below building foundations on unstable 
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soils, for bridges and nestles, and for 
wharves and docks. Where sunk in soil 
below water table, no preservative treat¬ 
ment is needed, since, as we have previously 
seen, complete exclusion from air is as 
effective a preservative means as is exclusion 
from moisture. In such situations the pilings 
outlast the structures dies support. Ground- 
level pilings and those subject to marine- 
borer attack (chiefly that of mollusks) should 
be given preservative treatment, as they gen¬ 
erally receive, except under emergency con¬ 
ditions such as prevail in times of war. 

Preservatives and Preservation Meth¬ 
ods. In discussing posts, mine timbers, poles, 
and pilings, repeated mention has been 
made of the importance of preservative 
treatment to increase durability and thus 
lessen replacement need of these items. In 
no other class of wood products save that 

of ties is extension of the natural durabilitv 

# 

of wood by the use of chemical preserva¬ 
tives so essential and so commonly practiced. 
Therefore, to this discussion of posts, mine 
timbers, poles, and pilings, we shall add a 
few paragraphs on preservatives and pre¬ 
servation methods. 

It has alreadv been mentioned that reduc- 
lion of the moisture content of wood to 
below about 15 per cent, and keeping it 
there, is an effective method of preservation. 
The reduction may be accomplished by air 
seasoning, kiln drying, boiling in oil (which 
quickly vaporizes and expels the contained 
moisture), or even by a treatment using 
superheated steam, dielectric current, vac¬ 
uum drying and vapor drying.* Thereafter 
the wood can be kept more or less dry in 
moist situations by application of various 
coatings. These are in no case 100 per cent 
effective: primer paints and linseed oil have 


little effect: ordinary paints and varnishes, 
moderate effect: and aluminum or asphalt 
and pitch paints (when applied in several 
coats), considerable effect. All in all. appli¬ 
cation of coatings (paints) is of little prac¬ 
tical use in preserving wood that is in im¬ 
mediate contact with moist soil, as are 
posts, ties, or poles. 

More effective is the introduction into 
the wood of chemicals toxic to decav or¬ 
ganisms. These are of diverse types, but can 
be conveniently grouped in three categories: 

(I) creosotes and creosote mixtures, (2) other 
toxic organic oils, and (3) water-soluble 
inorganic chemicals. Of these, the first 
tv pe. comprising various forms of creosote, is 
at present the most important for posts, 
poles, pilings, mine timbers, and ties. Con- 
siderablv more than 90 per cent of all pre¬ 
servative treatment given has used creosote, 
which is derived chieflv as a coal-tar by- 
product of the steel industry. No other 
preservativ e has yet proved more satisfactory 
than creosote, where the odor, color, and 
“bleeding” of the latter is not objectionable. 
Of the several organic compounds in the 
second category, toxic organic oils, the 
most successful have been the chlorinated 
phenols, particularly pentachlorphenol, 
now marketed throughout the United States. 
Chlorinated phenols are insoluble in water: 
hence wood once adequately impregnated 
with petroleum solution of a chlorinated 
phenol loses little of the preservative 
through leaching, and may remain in ex¬ 
posed situations with relative immunity to 
stain, decay, and termite attack. It will not 
have the objectionable odor and paint-proof 
characteristics of wood that has been 
creosoted. Of the water-soluble inorganic 
chemicals comprising the third category, 


• This process subjects logs, particularly those used for tics, to vapors of boiling organic chemicals, 
which mix with vaporized moisture from the log and arc then removed, usually under vacuum, to be 
separated from .he water and reused; the process reduces seasoning time of refractive woods like gum and 
oak from months to hours. Much the same principle is involved in "solvent seasoning." ... which liquids 
juch as acetone are used Vo extract moisture (and rosin) from the wood. 
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Oak poles being removed from treating cylinder. 
Poles have been treated with 50-50 solution of creo¬ 
sote in oil containing 5% "pcnia" (Courtesy Dow 
Chemical Co.) 

several have found some use, including 
mercuric chloride, zinc chloride, various 
arsenicals, chromates, and copper com¬ 
pounds.* Such preservatives ordinarily have 
no objectionable odor or color, and do not 
interfere with the application of paint. They 
are easily introduced in aqueous solution, 
but unless precipitated in some fashion 
within the wood are just as easily leached 
away under exposure. Frequently they are 
less toxic than creosote or pentachlorphe- 
nol; and by and large they are less satis¬ 
factory than other types of preservative, 
except for wood in protected situations. 

Preservatives may be introduced into the 
wood in a number of ways. Obviously, the 
method that provides better penetration 
will insure better protection of the wood 
against decay or termite damage. Calling 
to mind die structure of wood, it is apparent 
that penetration is most easily effected along 
the grain, since the cell cavities opening on 
a transverse surface are proportionally more 




Utility poles being loaded into a hot-cold immer¬ 
sion tank. Poles arc first soaked in a hot bath of pre¬ 
servative and later transferred to a cold bath. The 
process is said to accelerate the penetration of the 
wood preservative by causing a partial vacuum 
through the change in temperature. Notice the re¬ 
moval of the sapwood and incising at the ground¬ 
line area to insure deep penetration of the 
preservative at this vulnerable spot. Pcntachloro- 
phenol in oil is being used. (Courtesy Dow Chemi¬ 
cal Co.) 

abundant and more uniformly distributed 
than are diose opening on a tangential or 
radial face, where only the cut rays or cell 
pits afford apertures for entrance of the 
solutions. 

Some preservative treatments depend 
upon the natural diffusion or conduction 
of (usually) water-soluble preservatives in 
green or even in standing timber. One such 
method involves standing the newly cut 
log in a bucket or barrel of preservative: 
evaporation at the top draws upward first 
the column of sap and then the preservative 
solution continuous with it. Similarly, pre¬ 
servative can be introduced by borings or 
appropriate channeling into the sapwood 


Effective commercial combinations of these materials (and others) include patented preservative 
proces** known as Wolman salts (Tanalith and Trialith), Celcure, Chromated Zinc Chloride and Zinc 
Meta Arsenite. Some treatments involve successive application of water-soluble salts, which, when they 

T* *** cavities ' forra insolllble precipitates and thus largely 

obviate preservative failure due to leaching. b 1 
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of a growing tree, 10 be conducted upward 
throughout thesapwood. In tins method the 
comparatively impervious heartwood is 
little aliened. Other methods involve appli¬ 
cation oi preservative powders or pastes to 
green lumber. These are dissolved by the 
wet surface and diffuse into the wood in the 
free water of the cell lumen. Sometimes 
force of gravity is utilized to introduce 
preservative solutions into wood: commonly 
a rubber inner tube or some other leak- 
proof container of preservative is fastened 
to the higher etui of the log and the solution 
is allowed to filter downward for a period 
of days or weeks. 

More commonly, preservatives are simply 
applied to the surface of seasoned wood, 
either by brushing or spraying or by dip¬ 
ping or cold-soaking the stock. Cold-soaking 
involves immersion of the wood beneath 
the solution of preservative for some length 
of time, and, of course, effects greater pene¬ 
tration than does mere dipping. It is the 
simplest recommended procedure for home 
treatment of fence posts, particularly if 
pentachlorphenol is used. Except with soak¬ 
ing, only meager penetration of preserva¬ 
tive results, often failing to exceed a depth 
of one-sixteenth of an inch. Even this, how¬ 
ever, is effective in extending the life of the 
treated wood several years bevond that of 
similar untreated samples. 

The most efficacious way of introducing 
preservatives into wood is under pressure or 
vacuum. A number of methods have been 
devised, which may be divided into two 
general categories. The simpler hot-and- 
cold-bath process involves heating and cool¬ 
ing of the wood to produce a natural vac¬ 
uum within the wood cells. The charge is 
brought to a high temperature in a vat of 
boiling preservative and is then immediately 
transferred into a second comparatively 


cold preservative solution. The expansion 
and expulsion of contained gas during the 
heating creates a vacuum in the tells upon 
cooling, drawing the preservative solution 
into the lumen. There are, of course, various 
modifications of this basic procedure. The 
more elaborate methods of the second 
category utilize the same principle but 
make use of external pressures. Typically, 
the charge is enclosed in a sealed chamber 
to which controlled pressure or vacuum can 
be alternately applied, and into which the 
preservative can be introduced or with¬ 
drawn. This process, of course, demands 
more elaborate equipment, involving con¬ 
siderable capital investment, than does the 
method first described. 

Certain woods that we have already seen 
to be comparatively impervious, such as 
gum, white oak, beech heartwood, and some 
others,* may be treated more rapidly if 
lateral incisions are first made by passing 
the wood through rollers equipped with 
incising teeth, thus permitting more ready 
lateral entrance of the solution. In all cases, 
any cutting, planing, or boring should be 
done before the sample undergoes preserv a¬ 
tive treatment. Otherwise, surfaces to which 
the preservative had not penetrated may be 
exposed, disrupting the protective “coating" 
about the sample. Except in those preserva¬ 
tive treatments mentioned as demanding 
green wood, introduction of the preserva¬ 
tive is best accomplished when the stock is 
well seasoned. 

Akin to preservative treatments, and 
hence perhaps appropriately mentioned 
here, is the fireproofing of wood. Fire-re¬ 
tardant chemicals may be applied either 
as a coating or in an impregnating solution. 
Neither will prevent charring of wood at 
very high temperatures, but both are cap¬ 
able of preventing wood from self-kindling, 


• In general, the pines and red oak take preservatives well; cherry and elm. fairly well; aspen, bass¬ 
wood. birch, maple, and willow, moderately well; larch, some cedars, spruce, ash. caialpa, and hackberry, 

poorly. 
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and are very effective in controlling the 
spread of small fires. Among the coatings 
utilized for indoor use are linseed oil paints 
in which borax has been incorporated, 
sodium silicate solutions, alginate gels, 
methyl cellulose, magnesium oxychloride, 
casein plus borax mixtures, synthetic resins, 
and fire-retardant chemicals similar to those 
used in impregnation; for outdoor use, 
zinc borate, chlorinated rubber, and chlori¬ 
nated paraffin have found some use. Chemi¬ 
cals that have been found particularly 
effective lire retardants as impregnating 
solutions include aluminum sulphate; 
various ammonium, barium, cadmium, 
calcium, cobalt, magnesium, and zinc salts, 
particularly their phosphates or borates; 
boric acid and borates; and various phos¬ 
phates. ' 

'-47 Veneers, plyicoods, and laminated 
structures. Domestic veneer logs and bolts 
have in recent years accounted for the 
annual consumption of between 1 and 2 
billion board feet of timber taken almost 
Exclusively from trees of s aw-tim ber size. 
The demand for veneers is increasing, and 
an annual consumption of more than 2 
billion board feet may be expected to per¬ 
sist in the foresee able futu re. In the past, 
usually no more than 10 per cent of the 
demand, and commonly as little as 1 per 
cent, has been met by imports, these con¬ 
sisting mostly of expensive c abinet- wood 
types such as mahogany and rosewood. Of 
the domestic woods, hardwoods had always 
been greatly favored over softwoods until 
the late 1930's, by which time the use of 
softwoods had increased to about 40 per 
cent of the total consumption. Since World 
War II, increased use of Douglas-fir, now 
the most important veneer wood, has doubt¬ 
less about equalized the use of hardwoods 
and softwoods. . 

The veneer and plywood industry has 
had a phenomenal increase since 1920, 


owing primarily to the introduction of im 
proved glueing and binding procedures, 
which led to public acceptance of the in¬ 
dustry. This development has had con¬ 
side rable impact upon forestry, in that only 
the finest logs of selected species can be 
utilized for most venee r purposes; and these, 
of course, usually command a hi gh p rice. 
Lowest-quality veneers are usually made 
from sweet gum, tupelo gum, and southern 
yellow pine. They are used mostly either 
in single thickness or as cheap plywood in 
the manufacture of containers of various 
sorts (vegetable and fruit boxes, baskets, 
hampers, crates). In recent years, approxi¬ 
mately two-fifths of all veneer production 
has been utilized for this purpose. There 
is little indication that the future demand 
will increase more than moderately, so that, 
proportionally, use of veneer for containers 
may decrease in the rapidly expanding 
vene er industr y. Veneer for ^manufactures 
(furniture, boats, st ation wagons, radios, 
and the like) has in recent times accounted 
for about one-fifth of the total consumption, 
utilizing higher-quality woods such as wal¬ 
nut, maple, and cherry, as well as cheaper 
kinds. This is an expanding field, and many 
new uses are being developed, so that ul¬ 
timately consumption for manufactures 
may equal that for containers. The third 
use for veneer and plywood is in construc¬ 
tion, a field that has recently assumed gi¬ 
gantic proportions and that promises to 
continue its expansion. Dou glas fir has be¬ 
come the most importan t vpnrpr u-rwi f or 
construction plywood. Supply at reasonable 
prices, not demand, will almost certainly 
be the limiting factor in the use of ply¬ 
wood for construction. Exterior grades 
bonded with waterpro of resin g lues are to¬ 
day much utilized for concrete forms and 
sidings of buildings. Other plywoods are 
used for pa neling , s ubfloor s, “str essed sk in" 
prefabrication, sol ving , and like products. 
If procurable at a reasonable price, plywood 



A sun more boll being removed from a steam 
(best in the process of softening before being rotary 
cut loi container veneer. 


Bobs reach for veneering arc shown in the fore¬ 
ground; piled in the background arc the cores left 
aftci rotarv cutting. Ihcse will be 1 used fm such 
pm poses as pulp. fuel, dimensional stock, and 
novelties. 


A sheet of veneer comes from the lathe toward 
the clipper, where it will be cut to si/e for poultry 
and meat boxes. 


A hackbcrry bolt is hoisted from the hot watei 
soaking \at after being softened for -I hours pre¬ 
paratory to being rotaiv cut Ini containei veneer. 


>s of veneer being assembled on a special 
10 make the webs of a bushel basket. The 
i is driving a single metal fastener to bold the 
together. (Photos courtesy Dept, of Forestry, 


Veneer drying in outdoor racks prioi to asscmblu 
This veneer is to be used to make egg crates 
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Rotary vcnccr peeling. (Courtesy Economic Hot any.) 


is interchangeable with lumber lor the 
majority of purposes. The large, knot-free 
sizes of plywood, its ease and cheapness of 
handling, its capacity for being curved or 
molded, all favor its use, in preference to 
lumber, for many purposes. The future will 
doubtless see as much veneer produced for 
construction plywood as for containers and 
manufactures combined. 

It may not be clear to all readers just 
what veneer and plywood are. Veneer is 
simply a thin slice of a log nit in sheet 
form. It mav be cut in anv of several fa . 
shiom. The most common and important 
veneer is rotary-cut, so called because the 
bolt (log), after a softening by boiling or 
steaming for as long as sixty hours, is grip¬ 
ped by chucks on powered shafts and 
rotated against a<" large, stationary knife 
which cuts a thin sheet of desired thick¬ 


ness from the outer surface. The knife 
is set to move continuously inwards as the 
veneer "unpeels" (much like the unwind¬ 
ing of a roll of paper), so that there need 
be no break in the sheet until only a 
small unmanageable core of the log remains. 
There is very little log waste when this 
method of slicing ve neers is use d. It is used 
for all types, but particularly the cheaper 
veneers. I he figure, of course, will be that 
of a tangential surface. 

x^nother way of slicing veneer (producing 
what is called sl iced ven eer) is to draw the 
flitch (log to be veneered), fastened on a 
movable carriage, obliquely against the 
knife, so that a slice of veneer is cut off on 
each downstroke. On the upstroke, the flitch 
lecedes and then automatically advances 
the set distance to produce the next veneer 
sheet. As with sawed veneers, long narrow 
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Diagrams of plywood and of veneer culling. Upper left shows 5-ply construc¬ 
tion; upper right, rotary veneer lathe; middle left, stay-log cutting; lower left, 
back cutting; lower right, cone-cutting. (Courtesy Economic Botany.) 


strips are produced, but in all sliced veneers 
the inner side next the knife shows minute 
tears or checks, so that for face stock perfect 
for matched paneling (in which the reverse 
side of alternate sheets must face up) sliced 
veneer is inferior to sawed veneer. Slicing 
is much more economical than sawing (there 
is no sawdust waste; extremely thin sheets 
are possible), and is used lor making veneer 


of many decorative cabinet woods such as 
mahogany, walnut, oak, and others. 

The first modern method developed for 
making veneer was by sawing, but it is the 
most wasteful one. Sawing necessitates the 
reduction of about half the bolt to sawdust. 
To produce sawed veneers, thin sheets of 
the log are sawed just as is lumber. After 
development of the slicing methods a!- 
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neer industry, the making of veneers is 
not a modern invention. Veneers have been 


ready mentioned, sawed veneers continued 
to be produced only where highly figured, 
expensive, and special-use woods were to 
be cut on a particular plane without fear 
of tearing the fibers. In modern practice, a 
stationary, power-driven, disk-like saw 
blade, thicker in the center than at the 
circumference, cuts slices of an automatic¬ 
ally regulated thickness from the flitch 
mounted to the steel "stay log" on a mov¬ 
able carriage that approaches and recedes 
from the saw. A bevel block throws the 
newly cut veneer sheet to the side, where it 
is automatically piled. The process is most 
used in this country to produce quarter- 
sawn (radial face) oak-paneling veneer, in 
which either side of the veneer may lace out¬ 
ward, to produce matched paneling. 

There are modifications in the method 
of cutting veneer other than those already 
mentioned designed to produce a charac¬ 
teristic figure. One such is the cone-cultingj 
modification of the rotary process. Con^ 
cutting produces circular sheets of more 
or less transverse surface by “taper-peeling” 
the bolt (as one sharpens a pencil). Cone 
cuts are vei;y brittle and are used for special 
effects only.^ 

Commercial veneer varies in thickness, 
ranging from as little as y 110 inch in thick¬ 
ness to as much as % inch, but it is com¬ 
monly cut about y 30 inch thick (sliced 
veneer) or about y to % inch (rotary ve¬ 
neer). For most purposes newly cut veneer 
must be dried, which is usually accom¬ 
plished by heating the veneer while it is 
pressed flat in any one of a number of con¬ 
trivances for the purpose (rollers, hot plates, 
endless belts). Cheap veneers may be simply 
air-dried. After drying, the veneer is usually 
run through a clipping machine, which re¬ 
moves imperfections^and glues on patches 
stamped from the same die. 

But for all the elaborate mechanization 
and precision machines of the modern ve¬ 


known since almost 1,500 years before the 
birth of-Christ, and are found among the 
royal possessions in the to mbs of the Ph a- 
raohs. How these ancient veneers were made 
is not definitely known, but presumably they 
were laboriously formed by the abrasion of 
split logs. Throughout hi stor y, master craft s 
men of fine furniture have preferre d, ve¬ 
neers for the remarkable figure thus ob¬ 
tainable, and today use of proper stumps, 
crotches, burls, and selected logs for veneer 
makes possible the unrivaled design of ex¬ 
pensive modern p anelin g, c abinet wo rk, 
musical instruments, and other cherished 
modern work. Witness, for example, the 
outstanding 18th century creations of Dun¬ 
can Phyfe, Hepplewhite, Chippendale, 
Sheraton and the Adams brothers, names 
synonymous with the pinnacle in period 
styling, that still live in 20th century imita¬ 
tions. 

Plywood is simply three or more (always 
an odd number) sheets of veneer glued or 
bonded together, with alternate sheets hav¬ 
ing the grain at right angles to adjacent 
sheets. Plywood manufacturing plants may 
or may not be associated with a veneer fac¬ 
tory. Since, in measuring for most kinds 
of suengtlt and for resistance to shrinkage 
and swelling, wood proves to be strongest 
along the grain, this alternation of ply pro¬ 
duces a sheet or plank more uniformly 
strong than is a comparable size of solid 
wgod. Each sheet of veneer reinforces the 
adjacent sheet. The center ply is made twice 
the thickness of its adjacent plies so that 
quantitatively as much grain runs in one 
direction as another. In most cases the cen- 
ter ply or plies consist of cheaper “core” 
wood such as tulip tree or gum. The more 
expensive, figured “face” veneers are glued 
to the outside. The very fine cabinet woods, 
such as mahogany and walnut, are used for 
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Roller-type, five-deck conveyor dryer for veneer. (Courtesy Economic Botany.) 


very thin veneers, which are simply glued 
to a strong, solid core of cheaper materials. 

Until comparatively recent times, efficient 
glues and binding materials for plywood 
were not always to be had, with the result 
that plies frequently failed or peeled, par¬ 
ticularly in moist or in alternately moist 
and dry situations. Within the last two 
decades, however, remarkable advances have 
been made in glueing techniques. Thus 
today plywoods capable of withstanding 
outdoor exposure, marine use, and various 
indoor stresses formerly fatal have been 
developed. 

Where protection from exposure is to be 
had, there are several types of glue, non- 
resistant to water, in use for bonding ply¬ 
wood or wood joints. These include the 
well-known animal and starch glues. Animal 
glues are made from boiled-down waste 
hides, sinews, trimmings, and other waste 
from the slaughter of animals or from fish 
stock. They can be used either for veneer 


work or for joining thick stock, provided re¬ 
sistance to water is not required. Starch (veg¬ 
etable) glues are derived from a variety of 
plants, including maize (cornstarch), wheat, 
potato, banana, and cassava or manioc. For 
making adhesives, cassava starch has provec^ 
/superior to other types, although in recent 
years the breeding of strains of maize es¬ 
pecially suitable for making adhesives has 
been under way. Starch is converted to ad¬ 
hesive through hydrolysis (digestion) by 
heat or by chemical means, or by a combina¬ 
tion of the two. For making plywood and 
in veneering articles designed for interior 


use, a water solution is utilized. It is not, 
of course, water-resistant. 

Blood albumen, casein, and soybean glues 
are essentially alike, being derived from 
the proteinaceous portion of blood, milk, 
or soybean. Blood albumen glue was first 
developed in answer to the World War I 
demand for water-resistant plywood for 
military purposes. This-'gfue is set at tern- 
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peratures above 160° F., a process which 
causes irreversible coagulation and makes 
the glue water-insoluble. It has never had 
wide acceptance, however, primarily be¬ 
cause of difficulties in manufacture and in¬ 
convenience in use. Since the 1930’s it has 
been largely superseded by the synthetic- 
resin glues. Casein glues have been known 
since ancient times. They are made from 
the curd of skimmed milk in combination 
with certain alkalis. Properly formulated, 
they are nearly water-resistant, but they 
tend to fail if subjected to repeated ex¬ 
posure. They require no heat-setting, and 
for selected purposes are extremely useful 
in the woodworking industries. Vegetable 
protein glues have in recent years been 
made from soybeans. They behave much 
like casein glue, with which they are fre¬ 
quently mixed. Soybean glues are much 
used in the plywood industry of the Pacific 
coast. 

In the last few years, the development of 
• synthetic-r esin g lues (phenol-formaldehyde, 
urea-formaldehyde, resorcinol-formalde¬ 
hyde, and melamine-formaldehyde as 
thermosetting types, and polyvinyl acetate 
and polyvinyl butyral as thermoplastic 
types) has permitted the production of 
remarkably serviceable plywoods and lami¬ 
nated structures. Thermosetting types set 
irreversibly at curing temperatures up to 
320° F.; thermoplastic types, however sof¬ 
ten at high temperatures and are thus of 
limited usefulness. All types are compara¬ 
tively complex, being more or less specific 
in their requirements as to hardeners (cata¬ 
lysts to aid setting), pjA, fillers, extenders, 
solvents, curing temperatures, storage life, 
and working life. They may be had in 
powder or liquid form or as thin sheets 
(heavy resin impregnation of a thin paper 
base). Plywood made with thermosetting 
synthetic-resin glues is usually produced by 
the hot-press method: the sheets (or coat¬ 


ings) of resin glue are placed between the 
plies, which are then cured under heavy 
pressure (about 200 lbs, per sq. in .) at the 
proper temperature between the platens 
of the hot-press machine. Curing occurs in 
a matter of minutes, yielding a water- 
resistant, high quality, all-purpose plywood. 
In large stacks of plywood, so large that the 
heat of the platens would not penetrate 
to the center portions, curing temperatures 
may be obtained by inductive heating. This 
process, however, is not yet commercially 
feasible. 

Special resin glues have also been de¬ 
veloped for bonding metal to wood. These 
are usually of the thermosetting type. Al¬ 
though largely still in the experimental 
stage, production of “sandwich panels” 
(thin surface sheets of aluminum, veneer, or 
other material, bonded rigidly to a light 
core, usually of resin -impr egnated, corru¬ 
gated paper) gives promise of mass- 
produced, cheap housing. These panels are 
very light in weight, easily handled and as¬ 
sembled, a natural insulator in themselves, 
and stiff enough to need little or no framing 
in construction. They are an outgrowth of 
World War II production of high-speed 
aircraft built upon this principle. Similar 
in principle also is “stressed-skin" con¬ 
struction, in which faces of plywood are 
rigidly glued to a frame of small size lumber 
(one-by-one, for example, instead of two- 
by-four). The result is a thin "box,” the 
whole structure serving as a unit, in which 
the plywood surfaces help support the 
framework rather than merely being sup¬ 
ported by it as in conventional construc¬ 
tion. Stressed-skin panels can provide equal 
stiffness and strength with less than half 
the weight, size, and quantity of lumber 
demanded by the conventional process. 
Some prefabricated housing has already 
been produced on this principle, and doubt¬ 
less it will be of increasing importance in 
the America of the future, with its pre- 
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Huge laminated arch constructed at the Forest 
Products Laboratoiy. Commercial production of 
such arches for gymnasiums and other large rooms 
has proven practicable. (Courtesy U. S. Forest 
Sen ice.) 

dieted lumber scarcity and probable high 
prices. Novoply is a stressed-skin type of 
panel that utilizes for the core wood-waste 
shavings heavily impregnated with the 
newer synthetic resins. 

5. Ties and railroad maintenance. A 
not inconsiderable quantity of timber is 
used annually in the United States for re¬ 
placement of ties* and for car lumber 
and maintenance. Perhaps a billion board 
feet of lumber, practically all from trees of 
saw-timber size, is and will likely continue 


ties and construction and maintenance lum¬ 
ber. Approximately 60 per cent of the ties 
used today are sawed just as lumber is; 
barely 10 per cent are hand-hewn. Almost 
05 per cent of all ties laid are preservative- 
treated, a process which gives them a po¬ 
tential lile of as long as forty years. In the 
future there will probably be an annual 
replacement need of nearly 130 ties per 
mile of track, or (there being some 100,000 
miles ol track in the United States) roughly 
52 million ties per year. Thus all in all 
the timber needs ol the railroads in the 
United States in the middle of the twentieth 
century amount to about 3 billion feet for 
all purposes. This amount is more or less 
evenly divided between hardwoods and 
softwoods and of course is drawn from a 
multitude of species. Red oak is probably 
the leading tic species, with southern yellow 
pine, gum, and Douglas fir following. 

Almost one-third ol the lumber used by 
railroads goes for car construction. Frames 
of cars are no longer made of wood, but 
in most freight-car types wood bodies are 
still the rule. Box cars, Hat cars, cattle cars, 
and refrigerator cars are preponderantly 
made with wooden (or wood-lined) bodies 
and wooden floors. The utility of wooden 
lloor and body for nailing and blocking 
freight, absorbing shock, and as an in¬ 
sulator cannot be matched by all-metal 
construction. Gondola cars and tank cars, 
however, are made of wood only when 
designed to haul corrosive materials. Pas¬ 
senger cars are of all-metal construction 
except for decorative interiors, where wood, 
particularly plywood, is currently used. 
But for freight-car construction it is likely 
that wood will continue to be widely used, 
since in addition to the advantages already 


o be required annually for hewed ties, 
nd it is estimated that at least another 2 , listed, wood is in most cases also superior 
,i 1 lion board feet is required for sawed to metal in ease and cheapness of repair, 

• Formerly limber was also needed for lire laying of ncwjoadbed. but ibis has now practically ceased; 
t present, abandonment of many old lines about balances construction of multiple track on established 

uadbeds. 
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Hand sawing of deodar cedar railway sleepers 
(lies) in a hill forest of India. The forests are re¬ 
mote so the sawing must be done on the site. The 
sleepers arc carried to the nearest stream and 
floated to the depots. (Forest Research Institute, 
Dchra Dun. India. From Unasylra.) 

lightness of weight, resistance to corrosion, 
traction (gives safer footing on runways 
atop cars),* and longevity. 

A good part of the remaining two-thirds 
of the timber consumed by railroads goes 
Jor_ties^ Ties made of wood have always 
been and today are still preferred to those 
of any other material The ease of replace¬ 
ment, cheapness, elasticity, resistance to 
shock, strength, and insulatmg efficiency 
(important for block signalsfof wood ties 
make them superioFto any of the thousand 
and one substitutes that have at times been 
patented. Of the two types of wood ties, 
sawed ties are increasingly being chosen 
in preference to hewn ties, because of their 
uniformity and the greater economy with 
which diey can be given preservative treat¬ 
ment. Today the great majority of ties laid 


Trcaied lies in place on railroad bridge. II years 

old. 


are preservative-treated, and this, coupled 
with more careful laying than in the past, 
a wider rail base in the newer-type rails, 
and improved spikes, tie-plates, and ballast, 
gives modern ties a potential life of thirty 
to forty years. Thus American railroads, 
which haul about 10 per cent of their ton¬ 
nage from the very forests that help make 
their roadbed, will doubtless continue to 
travel over ties of wood even in this day 
of approaching timber shortage. Locally 
abundant species of wide variety are utilized 
for ties: with preservative treatment almost 
any kind of tree will yield a serviceable tie. 

A comparatively minor portion (some -100 
million board feet) of the timber consumed 
annually by the railroad industry is uti¬ 
lized for purposes other than ties or car 
construction. Stations, shed s, and tool- 
houses must be built and maintained; 
bridges must be constructed and repaired; 
and fences, snow protection, tunnel main¬ 
tenance, private telegraph and telephone 
communication must all be largely built, 
or are dependent upon structures built, 
of wood. 

6. Cooperage. Stock for cooperage (bar¬ 
rels, tubs, and similar containers), both 
slack (for loose solids, cement, Hour, and 
the like) and tight (for liquids), at the 


. * Mc,al * rillwor J‘* howcvcr - is now bein g extensively used, particularly in the north since snow ami 
ice do not accumulate on metal runways as readily as on wood. 

















Flam manufacturing keg heads in North Carolina. (Courtesy U. S. Forest Service.) 


present time utilizes annually in the United 
States somewhat less than a billion board 
leet of timber, almost entirely front trees 
of saw-timber size. Three-fourths or more 
of this amount normally is supplied by 
hardwoods (white oak particularly, for tight 
cooperage for alcoholic beverages). During 
the first half ol the present century there 
was a steady decline in the consumption of 
wood for cooperage, replacement of wood 
types by steel and fiber-carton having been 
general. In 1909 over 2 billion board feet of 
timber was consumed for cooperage, about 
35 per cent going for tight and 65 per cent 
lor slack cooperage. In 1939, on the other 
hand, only about three-fourths of a billion 
board feet was consumed, about equally di¬ 
vided between slack and tight cooperage. 
There is no reason to expect the demand to 
rise much above the 1939 level since wooden 
tubs, pails, buckets, churns, cargo barrels 
and other types ol cooperage once necessary 
to colonial trade, lileblood ol early Amer¬ 


ica, have largely been replaced by other 
kinds. 

Tight cooperage is more exacting in its 
requirements than is slack cooperage. Bar¬ 
rels to hold liquids (beer, whiskey, wine, 
syrups, oils, corrosive chemicals, and the 
like) must_be_rnade_of special woods. The 
premier wood for tight cooperage is white 
oak, in which, as has already been men- 
"tioned, tyloses occlude the lumen of the 
heartwood cells and thus give a wood nearly 
impervious to the passage of liquid; con¬ 
sequently, white oak cooperage prevents 
the diffusion of the liquid contained. 
Furthermore, it imparts no disagreeable 
odor or taste to contained liquids, a factor 
of especial importance for beverage or 
bi nd kegs and barrels. , 

White oak barrels are today widely used 
in aging of whiskey and wine. In fact, Fed¬ 
eral statute requires that whiskey be aged in 
new white-oak barrels, and that the barrel 
not be reused for this purpose. Formerly the 
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Constructing barrels from while oak slaves. This 
white oak stock was eul from the Ozark National 
Forest. Arkansas. (Courtesy U. S. Forest Service.) 



Bourbon barrels in a char cooker. Those barrels 
were made from white oak cut from (lie Ozark 
National Forest. Arkansas. (Comtcsv U. S. Forest 
Service.) 


brewing industry also used them extensively, 
but the recent trend in the large breweries 
is to utilize glass-lined steel tanks for aging 
and small steel barrels for handling and 
transporting draught beers. The making of 
oak barrels centers in the Midwest. Usually 
the headings are cut in one area and the 
staves, on special drum-shaped saws to give 
proper curvature, in another. Both are sent 
to a central assemblage point perhaps hun¬ 
dreds of miles from the tree source, where 
stave trimming, "raising," heating (often by 
steam, to make wood more flexible), forcing 
together the staves (windlassing), firing, 
crozing, and chamfering are accomplished. 
The final barrel, utilizing the mechanical 
efficiency of the double arch, is exceedingly 
resistant to shock and external impact. The 
basic principle of barrel making has not 
been improved upon in over 2,000 years, 
since the Babylonians and Egyptians made 
what are the most ancient barrels known. 
For less exacting uses, other hardwoods such 
as red oak and sweet gum, or softwoods 
such as bald cypress, may be used. Often 
these are paraffined on the inner side to 


increase their imperviousness. In California 
a battery of redwood tanks still stands that 
has been in continuous service for holding 
wines for nearly 90 years. This attests to 
the serviceability of wood in making vats 
for various fermentation products (pickles, 
olives, sauerkraut, etc.) and corrosive liquids 
(sulfite-pulp liquors, petroleum crudes, tan¬ 
ning and dyeing solution, etc.). 

Slack cooperage may be fashioned from 
a variety of species, requiring only that 
the wood be cheap, light in weight, easily 
fashioned, and without tendency to warp 
or twist. Where locally abundant, pine, 
Douglas fir, maple, oak, beech, sweet gum, 
ash, and the like are used. Tubs and bar¬ 
rels for gross items such as fruit or hard¬ 
ware may be roughly and cheaply con¬ 
structed. Cement and flour barrels, on the 
other hand, commonly have staves with 
tongue-and-groove joints, to help prevent 
leakage. Barrel hoops, once largely fash¬ 
ioned of elm wood, have in recent de¬ 
cades been made of steel. Often logs 
defective for other purposes, as well as 
small limbs and tops, can be utilized for 
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the relatively small and inexacting staves 
and headings of slack cooperage. For small 
containers, veneer has increasingly sup¬ 
planted the less economical solid wood 
characteristic of cooperage construction. 
Even the large hogsheads for aging tobacco, 
traditionally of pine and oak, are coming 
'o be made of Douglas fir plywood fashioned 
ol two mats of 3-ply staves that bend to 
become walls (or standardized headings. 
These hogsheads can easily be disassembled 
by removal of a few steel pins, and can 
thus be reshipped economically for repeated 
use, and can have damaged parts readily 
replaced. 

7. Miscellaneous, including excelsior, 
shingles, sporlitig goods, turnery. Nearly 
2 billion board feet of timber is consumed 
annually in the United States for the man- 
ufacture of items of comparatively minor 
importance, most of it coming from trees 
ol saw-log size. Tannin extraction uses a 
good deal of cordage, but nearly all of 
this comes from blight-killed and other¬ 
wise worthless chestnut logs. Excelsior or 
"wood wool" manufacture utilizes bolts of 
soft, weak woods often of little economic 
value for other uses. Characteristics sought 
lor excelsior are resiliency, lightness of 
weight, freedom from objectionable odor 
or resins, and straightness ol grain. Species 
particularly used for this purpose are aspen 
and cottonwood, southern yellow pine and 
basswood, all of which are usually in steady 
and abundant supply. In making excelsior, 
peeled and dried bolts are shredded into 
thin, ribbon-like strands on scoring and 
shaving machines. The industry is largely 
centered in the Lake States, where 1948 
prices for sound, peeled bolts ranged up to 
SI') per cord. Excelsior is used as a packing 
material or, less frequently, as a filler, stuff¬ 
ing, or insulator. 

Shingles and shakes consist of thin sec¬ 
tions of wood laid in overlapping fashion on 


roofs and sides of buildings to afford them 
weather protection. In most urban areas, 
wooden shingles have been largely re¬ 
placed by asbestos, slate, and various com¬ 
position materials, though in “backwoods” 
localities a variety of local timbers are 
still used to make shakes (hand-split shin¬ 
gles). Only in the Pacific Northwest does a 
considerable wooden shingle industry still 
exist, utilizing for the most part the premier 
shingle wood, western red cedar or arbor- 
vitae. Thuja plicata, in quantities up to 
500 million board feet annually. In the 
early days in this country, most shingles 
were hand-split, but with the advent of 
power equipment the trend swung rapidly 
to the production of sawed types. 

Of lesser importance than the shingle 
industry are a number of minor turnery 
and woodworking industries producing 
dowels; spools; bobbins; lasts; novelties; 
baseball bats; tennis racquets; skis; archery 
supplies; firearms; tobacco pipes; ladders; 
dairy, poultry, and apiary supplies; clocks; 
pulleys; picture frames; and other products. 
All together, these uses consume perhaps 
300 million board feet of timber annually. 

A minor but increasingly important by¬ 
product of wood is wood flour. The raw 
material for wood flour is provided by mill 
waste of large planing mills; or by saw¬ 
dust, where this can be obtained in large 
quantity from a single species of tree. The 
species most sought for wood flour are 
white pine, spruce, hemlock, and aspen. 
The wood flour is obtained by sifting (re¬ 
covery from sanders or screening of saw¬ 
dust). attrition (abrasion with millstones), 
fragmentation (pulverization in hammer- 
mills), and crushing (pulverization between 
differential rollers). The product is chiefly 
utilized in the manufacture of linoleum, 
explosives, and, more recently, plastics. Less 
than 100,000 tons are consumed annually, 
with domestic production being confined 
mostly to industrial centers of the eastern 
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United States. A cheap, bulky product such 
as wood flour cannot compete successfully 
with imports (in spite ol the 25 per cent 
tariff on the latter) where long haulage or 
excessive handling of either the raw ma¬ 
terials or the finished product becomes 
necessary. Depending upon grade (degree 
of firmness) and specifications, wood flour 
brought the manufacturer from 320 to 300 
per ton in 1917. 

II. Wood Conversion Products , 

Pulp and paper. In our modern econ¬ 
omy, paper and pulp are the most im¬ 
portant conversion products of that 
valuable and abundant vegetable substance, 
cellu lose, which is omnipresent in the cell 
walls of plants. Basically, paper consists of 
many separate, fine, overlappin g fiber s 
(plant cells or groups of plant cells) from 
a variety of sources that have by some 
method been matted or felt ed into th in 
sheets and then dried. Pulp is an nnprorps - 
sed mixture of the 'loose fibers be fore 
" felting or other treatmen t. Puln. aiuLs uh- 
sequently paper, can be made from a diver¬ 
sity of fibro us mater ials: true fibers such 
as flax or hemp (directly, or indirectly in 
the form of rags or rope_waste); entire 
stems of grass; the residue from sugar cane 
(bagasse); wheat_straw; fibrous_coatings of 
woocly stems, leases, and needles; and the 
like. But the comparative abundance, cheap¬ 
ness, and availability of cellulose in the 
form of woody stems of trees make wood 
pulp the most used type in timbered lands 
-such as ours. 

Since time immemorial the cellulose cell 
wall has supplied the stuff d_paper, but it 
is only within the last few centuries that 
this material has been derived from wood. 
Even today, in timber-scarce regions, es¬ 
parto grass or similar plants supply the 
necessary cell wall stibstance for the man¬ 
ufacture of paper. In the United States, 



Caterpillar diesel tractor pulls 21 sleighs, each 
carrying four curds ol pulpwood logs. from hush 
cut ling in Ontario. Canada. (Courtesy Caterpillar 
I ractor Co.) 

however, the majority of all papers are 
made from w ood pu lp, an industry which 
annually consumes the equivalent of Jj or 
' billion board feet of timber, perhaps 70 
per cent of which comes from trees of saw- 
timber size, about 90 per cent of them 
softwoods. And barring a prolonged and 
serious depression, there is no indication 
that the demand for wood pulp will de¬ 
crease in the remaining decades of the 
twentieth century; indeed, it will probably 
increase significantly. Sho rtage of pulpwoo d 
for mills in the eastern half of the l In ited 
States is already a pressing problem. Most 
of the farsighted mills have already under- 

taken ne ejdanting and conservation p . 0 1(_. 

grams to supply pulp in the future, but 
until such plantings mature a generation 
hence, an acute shortage of domestic pulp 
will probably be felt-a shortage that im¬ 
ports can doubtless only ameliorate. 

Ihe paper and pulp industry is today 
truly gigantic. In the United States, nearly, f, 
20 million tons of paper and paperboar d.^ 
amounting to almost 300 pounds lor each 
man, woman, and child, are consumed an¬ 
nually. About 32 per cent of this is im- 
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ported, either as pulpwood, pulp, or 
finished paper (largely newsprint). Of the 
pulp consumed annually in this country 
(according to 1939 figures), about *12 per 
cent is supplied by domestic forests, 31 per 
cent is made Irom waste paper, 18 per cent 
is imported, and 9 per cent comes from non¬ 
wood sources (rags, and the like). The ways 
in which this tremendous tonnage is used 
are shown in Table 9. 

Table 9 

Uses of Pulp in the United States * 


Per Cent 

Package boards and wall boards. 36 

Newsprint (largely imported from Canada) 25 

Wrapping paper. 12 

Book paper . 10 

Writing paper . 4 

Tissues . 4 

Building papers . 4 

Cellophane, rayon, and plastics. 4 

Other uses" . 1 

100 


* Figures are taken largely from Products of American 
Forests. Forest Products Laboratory, U. S. Department 
of Agriculture. 1946 (rev. ed.). 

** Including ammunition, artificial leathers, cups, food 
containers and utensils, hats, lamp shades, napkins, suit¬ 
cases, and many other products. 

As has been indicated, in making paper 
and pulp it is the cellulose of the cell wall 
that is important. The lignin has so far 
been found useless or disadvantageous, and 
in the chemical processes of converting 
wood to pulp the lignin portion is mostly 
dissolved away. Thus, fine papers are nearly 
pure cellulose—that particular chemical 
combination of carbon, oxygen, and hydro¬ 
gen that is one of nature’s most abundant 
as well as useful materials. The cellulose 
may be obtained from llax (line n) or co tton 
fibers or similar plant materials of nearly 
pure cellulose content, or it may be wood 
cellulose that has been purified. The earliest 
efforts to obtain cellulose from wood in 
purified form were by chemical means. 


and success was obtained as early as 1852 
by alkaline cooking, since known as the 
s oda pr ocess. In the twentieth century the 
soda process has been surpassed in im¬ 
portance by other methods, and is used 
in the United States today chiefly for pro¬ 
cessing soft. ^shorTfibered hardwoods su ch 
as aspen anti gum used primarily for mak¬ 
ing book and m agazine p apers. 

A second chemical process, the acid o r 
sulfite pr ocess, was developed about 1866 
in this country. In this process a strong pulp 
of unusual versatility is produced^jjiiefly 
from softwoods of low resin content. Sprite^/" 
has traditionally been preferred for this 
use, but with the present scarcity of spruce 
many other kinds of softwoods are being 
utilized. 

A third process, the sulfate process^jyig- 
inated in Germany about J883, and has 
grown steadily in importance, until it seems 
likely that more than half of our domestic 
pulp will shortly be made by this method. 
The sulfate process is particularly useful 
for pulping resinous woods such as pii^e^ 
priniarily for the making of wrapping 
(kraft) papers and fiberboard^^ontainers. 

Another important method of reducing 
wood to pulp is mechanical, not chemical: 
wood is simply ground in its entirety, a 
process which produces pulp with full lignin 
content. Much of this ground or mechanical 
pulp is utilized for cheap papers such as 
newspri^t^A number of new, improved 
methods of pulping are now in the ex¬ 
perimental stage, and further advances in 
high-yield pulping are bound to come. 

In general, according to figures presented 
by D. C. Peattie, production of <yi£_Lan-of 
newsp rint req uires one coni of wood, 2,800 
top foTwa ter, about 2d)0 0 kilowa tt-hours of 
electric al energy or jflfl horsepower for one 
day, and a capital outlay of up to $50,000 
per ton of daily output.* 


• In Scientific American, 179 : 20 , November, 1918 . 
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Commercial pulping processes may be 
broadly separated into two groups, chemical 
and mec hanic al. The groundwood process 
is. of course, mechanical; the soda, sulfite, 
sulfate, and neutral sulfite processes are 
che mical. Recently a semichemical process 
using features from both methods has been 
developed. Space will permit only brief 
mention of most of the processes, but a 
more detailed cfiscussion of papermaking 
by the sulfite process will make clear the 
principles involved. 

le Groundwood Proces s: Me chanical. 
Logs are sawed into short sections, de¬ 
barked. and cleaned. The cleaned bolts are 
then fed into the grinding mill, where a 
large millstone, cooled and lubricated by 

a continuous flow of water, shreds the wood 

. » 

into a fibrous condition. The loose fibers 
are floated to a sli ver s creen, li flier, ce ntii- 
fugal pulp screen, and pulp thickener for 
concentration. The pulp may then be stored 
or it may be fed into'the beaters or paper¬ 
making machine in the way described be-y 
low under the discussion of sulfite pulping. 
The mechanical process gives the highest 
yield (90 per cent or more by weight) and 
is the cheapest method, but the pulp pro¬ 
duced is weak and paper made from it 
yellows readily. Usually mechanical pulp 
is mixed with a certain percentage of 
client icaljnilp before it is made into paper. 
N ewsprin t, ch eap magazi nes and c atalogue s, 
paper toweling, b uilding board s, and the 
like "arc largely composed of groundwood 
pulp. The principal woods used to pro¬ 
duce it are the long-fibered, light-colored 
softwoods, including spruce, fir, and some 
pine and hemlock; little hardwood is used 
because of the shortness of fiber. 

The Soda Proces s; C hemical. Cleaned 
and debarked logs are chipped in special 
machines to small shaving-si/e fragments. 


1'hese fragments are then introduced into 
a digesting tank and cooked with a sodium 
hydroxide solution at a temperature of 
about 240° F. Lignin and other noncellu¬ 
lose constituents are dissolved by the alkali 
solution. The remaining cellulose fibers are 
then conveniently concentrated, dried, and 
stored for papermaking, a procedure that 
will be described for the sulfite process. 
The yield from the soda process is only 
40 to 48 per cent. The pulp may be used 
alone lor making bulky papers, such as 
blotters, for which strength requirements 
are not high, or it may be mixed with 
sulfite pulp to produce book and envelope 
papers. Woods utilized are chiefly hard¬ 
woods, including aspen and cottonwood, 
basswood, beech, birch, maple, and gum. 

The Sul file Prof ess; Chemical. Bolts are 
sectioned, debarked, cleaned, and chipped 
as described under the soda process. The 
chips are then discharged into the top of 
huge steel digestors lined with acid-resisting 
brick. Digestion is accomplished by an acid 
solution consisting of calcium bisulfite and 
sulfurous acid* pumped in from below. 
After thorough cooking under pressure, the 
digested chips are piped into a blow pit, 
where the acid solution containing the 
dissolved lignin is drained off. The remain¬ 
ing cellulose fibers, now nearly pure cellu¬ 
lose and constituting a pulp, pass through 
a riffler and pulp screen and, are washed, 
dried, and either stored as lapped pulp or 
sent immediately to the beaters and paper¬ 
making machines. Some high-quality pulps 
may be bleached with chlorine and calcium 
hypochlorite before being concentrated on 
the pulp screen (wire-cloth cylinder rotating 
in a vat) of the "wet machine.” 

'Tlie sequence of steps in making paper 
from pulp varies according to the mill and 
the type of product produced. In general, 



• Made In burning sulfur; il.c sulfur dioxide produced being absorbed in water dripping through 
limestone in ilic tall limestone lower. 
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Wood chipped tor chemical processing. (Courtesy 
Dominion Forest Service. Canada. From Unasylva.) 


pulp is first sent to the beater, a rectangular 
vat equipped with a "paddle wheel" which 
thoroughly separates the pulp fibers and 
distributes them uniformly in the proper 
amount of water. At this stage, certain 
fillers (to add weight and body to the pa¬ 
per) and sizes (to impart a smooth, ink- 
impervious surface to the paper) may be 
mixed with the pulp, and other pulp, such 
as groundwood, may be blended in. Com¬ 
mon fillers are clay, talc, and alum; sizings 
may consist of starch, glue-like compounds, 
or various resins. Dyes may also be added at 
this point, to produce colored papers. 

After thorough mixing in the beater, the 
pulp is sent to the papermaking machine. 
This machine consists of an endless belt of 
wire cloth, the Fourdrinier screen, agitated 
in two directions (to insure crossing and 
intermeshing of the fibers) and moving con¬ 
tinuously below the flow box, from which 
a regulated flow of pulp is discharged -upon 
it. The fibers of the pulp are "strained 
out” by the Fourdrinier screen, the water 
filtering through to a collection trough. To 
effect still further drainage, the Fourdrinier 
screen is passed over a series of suction 



Washing and beating of wood pulp in Hollander- 
type beaters. (Courtesy The Scientific Monthly.) 


boxes. At this stage the matted or felted 
pulp is then incipient paper. Still moist, 
it is picked up at the end of the Four¬ 
drinier screen by another endless belt and 
subjected to a series of pressures and high 
temperatures between rollers that further 
dry and consolidate the fibers. Additional 
external sizing may or may not be applied 
at this time. When sufficiently dry, the 
paper sheet is guided into the huge calen¬ 
dering machine, where it is subjected to 
a final regulated pressure to control the 
finish. Finally, it is wound in large rolls 
preparatory to being cut to desired size 
for specific uses. 

In the sulfite process a yield of less than 
50 pel cent is attained, but the pulp formed 
is strong and durable. Woods used in this 
process are softwoods low in resin and a 
few hardwoods, common kinds being spruce, 
fir, hemlock, tamarack, some pines, aspen, 
and birch. Sulfite pulp may be used for a 
variety of purposes: for book, bond, wrap¬ 
ping, and tissue papers; for rayon; and, in 
combination with cheaper pulps, in news¬ 
print and many other papers. 

The Sulfate Process ; Chemical. This proc- 



108 


WOOD AXD ITS USES 



Wet end of paper machine, showing formation of the sheet on the wire, or 
endless belt, of wire screen. The press rolls are on the right. (Courtesy Tlic Sci¬ 
entific Monthly.) 


ess is similar in principle to the sulfite proc¬ 
ess, but differs from it in that the chipped 
wood is digested by an alkaline solu¬ 
tion of sodium hydroxide and sodium sul- 
fide. This digesting solution is capable of 
dissolving resins, waxes and fats from the 
wood, and hence the process can make use 
of a great variety of species, including the 
[lines, that cannot be pulped by other 
methods. Formerly, sulfate pulp was used 
unbleached, but recently bleaching methods 
that do not weaken the pulp have been 
devised. Consequently, in addition to its 
original use for bag and wrapping (kraft) 
papers and boxboard, sulfate pulp is now 


also used for book, magazine, writing, bond, 
and specialty papers. As in the sulfite proc¬ 
ess, the yield is not high, being less than 50 
per cent. The chief advantage of the process 
is that by this method many otherwise use¬ 
less pulp species, including the abundant 
southern yellow pines and all hardwoods, 
may be readily pulped. A by-product of 
such pulping is tall oil, a mixture of rosins, 
fatty acids, and other wastes, useful for 
many chemurgic purposes. More than a 
bundled thousand tons of tall oil were pro¬ 
duced in the United States in 1948. One of 
the most spectacular uses of tall oil was 
made during World War II, when heavy- 
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Dry end of paper machine, showing steam-healed dryer rolls, calender stack, and 

rcwindcr. (Courtesy The Scientific Monthly.) 


duty landing fields for bombers had to be 
constructed quickly: small amounts of tall 
oil on wet or swampy ground caused the 
soil to “de-water” itself and adhere to as¬ 
phalt being laid down. 

The Neutral Sulfite Process; Chemical. 
This process, basically a modification of 
the soda process, is also known as the mono- 
sulfite process. It utilizes as a digesting 
solution sodium sulfite in an alkaline or 
neutral medium. The addition of the sulfite 
to what might otherwise correspond to the 
soda digesting solution not only speeds the 
pulping but produces a stronger, more 
durable fiber. Yield is poor, but the pulp 
produced is of high quality. A variety of 
both softwoods and hardwoods may be 
utilized, and the pulp is amenable to bleach¬ 
ing. 

The Semichemical Processes; Mechanical 
and Chemical. In the semichemical proc¬ 
esses in general, although various modifica¬ 


tions are practiced, wood chips are first 
softened or weakened by steam or chem¬ 
icals (e.g., neutral sodium sulfite) and are 
then reduced to pulp mechanically. As 
might be expected, yields are intermediate 
between those derived from strictly mech¬ 
anical and strictly chemical means, ranging 
as a rule from 70 per cent to 80 per cent 
of original pulpwood weight. Semichemical 
pulping makes use of hardwoods, for the 
most part, and is at present utilized chiefly 
for production of corrugated board stock, 
low-grade wrappings, roofing felt, and in¬ 
sulating board. In the future, however, 
as technical refinements of this relatively 
new process are developed, it may be ex¬ 
pected to find higher-grade uses. It has 
already been shown that mixtures of semi¬ 
chemical pulp derived from hardwoods 
with mechanical pulp derived from soft¬ 
woods yield a first-rate newsprint paper, 
and other mixtures incorporating bleached 




Pulpwood at Plymouth, North Carolina. (Courtesy U. S. Forest Service.) 


semichemical pulp have been found en¬ 
tirely satisfactory for bond and other finer 
papers. 

The art of papermaking has had a long 
and notable history. In pre-Christian times, 
paper of a sort w as made in Egypt bv beat - 
ing to pa per thinness laminated stems of 
N /the papyrus plant. Apart from this, and 
from parchment made of animal sk ins, no 
important writing substance was known un- 
til the invention of paper in China, prob¬ 
ably by one Ts'ai Lun, at the beginning 
of the second century A.n. Traditionally, the 
early Chinese scholars had laboriously writ¬ 
ten with a stylus on strips of wood, or, 
later, upon^ wove n clo th, particularly silk. 
Perhaps it was the wasted trimmings from 
silk cloth that suggested the principle of 
papermaking: why tediously weave these 
fibers together by hand it they could just as 
well be floated on to a suitable surface, 
pressed flat, and dried? Ts'ai Lun may well 


have noted that frayed silk fibers floating 
on the water's crest could be picked from 
the surface in a matted, tangled condition 
and spread as one mass in the sun to dry. 
It was only one more step to devise a suit¬ 
able sieve-like tool for lifting the fibers from 
the water. The first such sieve—the original 
"Fourdrinier screen" of the paper industry 
—seems to have consisted of a bamboo 
frame with a cloth mesh; the principle 
persists to this day, although the techno¬ 
logical improvements based upon it are 
legion. Even the characteristic imprint on 
the fiber mass made by the Chinese mold 
(sieve), or specific designs incorporated in 
the mold or screen by later craftsmen, are 
retained to this day in the form of the 
watermark of modern papers. v' 
During the Middle Ages the arfvrfpaper- 
making was introduced into Europe, per¬ 
haps as early as the eighth century, but 
knowledge of the art was not widespread 
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until much later. In some quarters, though 
known, it was rejected as “un-Christian. 
The advantages of paper over parchment, 
however, soon dictated its acceptance once 
it became widely known. But the European 
quill pen required a harder surface than 
the Chinese character brush, and so neces¬ 
sitated the production of harder, coated 
(si/ed) papers. For making this type of 
paper, linen rags (linen had been recently 
accepted in Europe for undergarments, in 
place of wool) served admirably as the fiber 
source. The demand, however, soon out¬ 
distanced the supply of linen rags, and a 
more abundant source of a cheap fiber was 
sought. Perhaps the/Vape .rmaking was p 
(which builds its nest from macerated wood) 
first supplied the hint as to how paper 
might be made fro m wood , but in any event 
trees soon became the primary source of 
fiber for paper. With the advent of the 
prinTihg~~pres7 and the subsequent heavy 
demand for"pap er, only wood could supply 
the quantities of fiber that permitted i ke 
civilization of the eighte enth, nineteenth, 
and twentieth centuries to take its charac¬ 
teristic form—that made possible the stored 
knowledge of our libraries and the packaged 
goods of our supermarkets^ 

Moreover, additional uses for paper are 
still being discovered, some of them spec¬ 
tacular. An entire house has been con- 
struoed__oL impregnated paper, and has 
withstood Wisconsin weather lor some three 
years; treated paper is used for water- 
resistant bag s t hat hold feeds, flour, cemen ts, 
and other materials damaged by moisture; 
flam e-proofed paper is used for drape s and 
other home furnishings-even for ash trays; 
"wet-strength” paper is already beginning 
to replace burlap for farm produce and to 
serve as container for such diverse articles 
as laundry, lobsters, and orchids; laminated 
papers made with plastic glues have shown, 
pound for pound, twice the tensile strength 
of steel, and can be used in aircraft con¬ 


struction. Moreover, it is predicted thas 
paper suitable for clothing, permaneiu 
"china,'' and rugs will be developed in this, 
generation, at a great saving in cost ovet 
conventional materials. 

2. Rayon . Ravon or “artificial silk" con 

•> • 

stittites still another product made from 
cellulose, that wonder substance so effi 
tiemly and abundantly produced by the 
plant world vet so amenable to man's use. 
Cellulose, in cheap abundance, and of suf¬ 
ficient purity for making rayon, is to be 
found primarily in two sources—pulp made 
chemicallv from the wood of trees, and cot- 

4 

ton 1 inters (short hairs remaining with the 
cotton seed after ginning, a by-product of 
the cotton fiber industry). Through re¬ 
search, drawing on the accumulated knowl¬ 
edge of chemistry, man has discovered 
means of dissolving plant cellulose, draw¬ 
ing it into long strands or threads, and 
then hardening it again to form the sub¬ 
stance called ravon, a substance second in 
importance only to cotton as a tex tile fi ber 
in modern America. 

Rayon contains no protein or nitrogen. It 
is thus chemically different from silk; if 
burned, it produces no objectionable odor 
(as silk does) and, with most common tvpes, 
no ash. Specifically, its chemical composi¬ 
tion is carbon, hydrogen, and oxygen-as 
is cellulose: i.e., it is cellulose or an ester 
of cellulose. There are four common chem¬ 
ical methods of making plant cellulose into 
rayon, differing from one another primarily 
in the solvent used to dissolve the cellulose 
of the plant cell walls. In all four processes 
the subsequent procedure is the same: the 
viscous solution of cellulose is drawn 
through small apertures or dies, after which 
it is hardened by plunging it into a harden¬ 
ing bath, or by evaporating the solvent 
from it. A number (from IS to 270) of the 
fine filaments so produced are twisted to¬ 
gether as they leave tire hardening chamber 
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SPINNING MACHINE —Tho oduol 
formotion of royon yorn tokot ploco In 
this mochino. (An onlorgomont of o ilnglo 
unit it thown In tho nod llluitrotion.) 


THE SPINNING OPERATION—Tho ipinning t o- 
lution it pumpod through o iplnnorot immorsod 
in o hordoning both. A» tho lolutlon loovot tho 
•pinnorot U hordom In tho form of tiny fllomonli. 


FORMING THE RAYON CAKE—Tho fllomonts oro 
guldod up ovor o rototing glott whool ond down Into 
tho whirling collodlng buckot. At Intorvoli tho yom It 
romovod from tho buckot In tho form of o clrculor coko. 


Flow sheet for rayon manufacture. (Courtesy E. I. DuPont <lc Nemours & Co.) 
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WINDING INTO CONES — III. c.k« 
of rayon yam h tfeon wa»hod and dritd, 

aflar whtoi H li wound Into con# form. 
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to for hi rayon thread or varn. If the fila- 
ments are cut into short sections (I to (i 
inches in length) and then spun as are cot¬ 
ton or other natural textile fibers, spun 
rayon with a woolly leel and pleasant soft¬ 
ness is produced. 

The principle behind the production of 
rayon is centuries old; that cellulose might 
he so transformed was predicted in the 
seventeenth century. It was not until 1855, 
however, that the Swiss chemist Audemars 
patented a process for transforming dis¬ 
solved nitrocellulose into fine threads. 
Chardonnet, a pupil of Pasteur, instituted 
commercial production in 1891. The first 
commercial production in the United States 
was begun in 1911. It has made exceedingly 
rapid strides in a very short time, and to- 
'day rayon production is still one of the 
most rapidly expanding cellulose industries. 
By 1923 world production ol rayon had 
equaled that of silk, with more than 50 
thousand tons produced annually. In recent 
years it has been estimated that production 
has reached a million tons, one-third of 
which comes from the United States. Rayon 
factories may involve investments of several 
million dollars. Location near a constant 
supply of clear, soft water is essential. Pro¬ 
duction may be of from one to several tons 
daily. 

We shall discuss here only the viscose and 
the cellulose-acetate methods of making 
rayon, which account for approximately 95 
per cent of all rayon yarn production in the 
United States. The original nitrocellulose 
method was soon discarded, and the more 
recent cuprammonium process (in which 
cellulose is dissolved in copper sulphate 
and ammonium hydroxide) has been used 
but little. Recent research, however, in¬ 
dicates that other processes may be de¬ 
veloped. Already, technical advances in 
controlling luster and color have made 

modern ravon the most versatile of fibers. 

/ 

The precise control possible over si/e and 


quality of rayon filament makes it more 
suitable for a number of purposes than 
natural fibers. Special rayons have been 
developed for spinning alone, for blending 
with cotton, wool, silk, or flax, for use as 
automobile tire cord, and so forth. 

The Viscose Process. This process ac¬ 
counts for almost 80 per cent of the rayon 
production of the world. Cellulose high in 
alpha-cellulose (formerly cotton linters or 
more recently selected chemical wood pulp 
especially from spruce and western hem¬ 
lock) is first freed from all greases, colors, 
and other impurities by cleansing it in 
alkali. The clean material is steeped in 
caustic soda (sodium hydroxide), after which 
it is pressed and shredded, and then aged 
under controlled temperatures. After aging, 
it is treated with carbon disulphide to 
form cellulose-xanthate, and the xanthate 
is dissolved in dilute caustic soda to form 
the viscose spinning solution. At this point 
oils or pigments may be added to reduce 
luster. The solution is filtered, then forced 
through a spinneret (cap of precious metal 
about half the size of a clime, perforated 
with tiny holes scarcely visible to the naked 
eye). The filament so produced is next 
coagulated or hardened in a bath of sul¬ 
phuric acid, sodium sulphate, zinc sulphate, 
and (sometimes) glucose. A rotating glass 
wheel then leads the filaments into a whirl¬ 
ing bucket, which twists them into yarn. 
If necessary, the yarn is further washed and 
bleached. 

The Cellulose-Acetate Process. This proc- 
cess, the latest among commercial processes 
to have been developed, accounts for about 
15 per cent of world production. In the 
preliminary stages the procedure is the 
same as in the viscose process. Thereafter 
the linters (only recently has pulp been 
used in this process) are treated with acetic 
acid and allowed to age. After aging, the 
material is mixed with acetic anhydride in 
the presence of a catalyst to form cellulose 
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acetate. The cellulose acetate Hakes are pro- will he further discussed under a subsequent 


< ipiuited by running the mixture into water. 
They are then washed, dried, and dissolved 
in acetone to lorm the spinning solution. 
Alter passage of the spinning solution 
through the spinneret, the filaments aie 
coagulated by evaporation of the acetone 
in warm, humid air, and then twisted into 
yarn in the same manner as viscose rayon. 

3. Plastics. The modern plastics indus¬ 
try came into being in 1868, when cellulose- 
ni trate from cotton was com bined with 
natural camphor to yield the substance 
known as celluloid, a product used lor 
detachable collars, billiard balls, toys, han¬ 
dles. and many other articles. Not long 
after, it was found that nitrated cellulose 
combined with castor oil and pigments 
could be formed into a rtificial leath ers. 
Modern industry has since learned to com¬ 
bine cellulose in a variety of forms with 
many other substances to yield a number of 
different plastics. A second line of develop¬ 
ment uses wood (in the form of wood 
Hour) in combination with various-binders 
to yield plastic-like materials. A thjrd line , 
and one now being actively investigated, 
involves the use of the lignin, rather than 
the cellulose, of the cell wall as a combin¬ 
ing or plastjc material. For example, a 
pla stic-like fiberboard is m ade by exploding 
wo od, chips heated with pressurized stea m 
ancf then molding th e resultant fine fib ers 
und er heat and press ure. Presumably the 
stearn softens the lignin bond and allows 
separation of the cellulose chains; on sub¬ 
sequent molding under pressure the cellu¬ 
lose chains are again welded together 
through a lignin bond. A fourth avenu e of 
research has led to the investigation of the 
hydrolization of the hemicelluloses of wood 
to form f urfural, and then r eaction of the 
furfural with phenol and other materials 
to yield plastic substances. Wood hydrolysis 


heading. 

Pjjjp jng, rayon production, and the man¬ 
ufacture of plastics are fields that oveilap. 
so that to some extent plastics made from 
wood, wood wastes, and wood Hour have 
already been discussed. Wood wastes, pat- 
ticularly wood Hour, may be readily mixed 
with various resins: bakelite and similar 
plastics utilizing the rm osettingjresins may 
contain the cheaper wood substance in 
amounts up to (id per cent of the total and 

mav be molded into such common articles 

/ 

as ra dio di als, knobs, panels, trays, and 
phonogr aph re cords. Other mixtures of 
wood Hour and various adhesives (starch, 
glue, casein, soybean binders, silicates) are 
used to make doll heads, frames, and til¬ 
ings. Wood jmlp incorporated with phe¬ 
nolic resins or phen olic resin s plus lignin 
have yielded strong and tough plastics. 
Active research is at present directed to¬ 
ward producing all-wood molding powders 
suitable for use in small, inexpensive pres¬ 
ses. Modified woods are in themselves a 
plastic of sorts, but a discussion of them 
will be deferred until later. 

In molded articles utilizing wood waste, 
it is the lignin of wood that behaves as a 
plastic (a v ery g eneral and ilklefined word, 
embracing almost anything that can be 
molded to_form). We have seen that in the 
making of paper, this lignin component 
constituting some 20 to 30 per cent of the 
log is usually dissolved away and discarded 
as an unwanted and deleterious substance 
in pulp. Yet this binding and cementing 
substance .of wood should have some use 
in. the economy, and in recent years com¬ 
mercial uses, particularly in the field of 
plastics, have been found for it, although 
its extraction in usable form is as yet 
scarcely economical. A great future per¬ 
haps awaits this abundant but now largely 
waste substance. Certainly lignin offers 
the modern chemist a great challenge, to 
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adapt it to the use of mankind. It is an 
enigmatic substance. Although it has been 
known as an abundant component ol wood 
and thoroughly studied for more than a 
century, its exact chemical structure remains 
unknown: only approximate molecular con¬ 
figurations have been suggested. It is not 
even known whether lignin is a single sub¬ 
stance or a mixture of several different 
substances, and because of this chemical 
obscurity, means of utilizing lignin effi¬ 
ciently are difficult to devise. Meanwhile, 
hundreds of thousands of tons continue to 
be poured down the drain annually, con¬ 
taminating the streams and adding to the 
production costs of paper. 

Certain uses, however, have been de¬ 
veloped for lignin as a plastic-like material. 
For one thing, highly compressed but other¬ 
wise untreated wood termed “staypack” 
has been successfully produced by the Forest 
Products Laboratory. The compression pro¬ 
cess causes sufficient flow of lignin to cement 
the wood in its compressed form. Staypack, 
however, is unfortunately not resistant to 
moisture. A second use for lignin is in¬ 
volved in the utilization ol waste pulping 
liquor (of course rich in lignin) as a bind¬ 
ing material for toad surfaces, in which 
form it not only remains water-absorbent 
but also holds insoluble various soil com¬ 
pounds. Pulping liquor, boiled down to a 
syrup, has also been utilized as a linoleum 
cement. In electroplating, certain uses have 
been found for lignin to improve the pro¬ 
duct. It is widely used as an expander in 
the negative lead plates of batteries. It also 
serves as a dispersing agent for cement in 
the making ol concrete. Freed from cellu- 
losic compounds in wood waste by mild 
hydrolysis, lignin serves well as a molding 
powder for the making of plastic articles 
requiring comparatively little resin. With 
mild hydrolysis serving simply to change 
the hemicelluloses of wood to sugars and 
effect their removal, the ceflulosic fibers 


may be left with the lignin to form a mold¬ 
ing material useful lor a variety of purposes. 
At the moment chemurgic research is 
greatly concerned with attempts to pro¬ 
duce a hydrolized lignin molding powder 
that needs no admixture with resins or 
other products. So far, pure lignin molding 
compounds flow only at pressures so high 
as to make it impossible to use small, in¬ 
expensive presses lor production of plastics. 
Recovered lignin, mixed with pul]) (in the 
beater) produces a plastic-like material use¬ 
ful as an extender of phenolic resin plastic 
in making paper laminates. Finally, lignin 
has given indications ol potential usefulness 
j n_tannin g. as a base in fertilizers, and as a 
raw material for chemurgic derivatives, 
including alcohols, phe nolic res ins and 
plastics, solvent oils, and vanolin. But in 

pi-^ *-- -- T 

spite of these many actual and potential 
uses lor lignin products, the industry in no 
way rivals that ol pulp or rayon production. 
It is estimated that three or four moderate¬ 
sized lumber mills could supply the total 
United States demand for wood waste to 
make l ignin-base plastics. The problem of 
efficiently utilizing the immense wood 
wastes of this country is still with us. 

4. Modified woods. As has already been 
mentioned, modified woods are plastics, in 
a broad sense of that word. ‘'Staypack,” a 
compreyjgd wood, was even listed among 
Jlign^plastics, since the extre me pres sures 
Aried in its manufacture cause the lignin to 
flow and behave as at- pffistic binding ma- 
jgrfK'ln addition to this untreated com¬ 
pressed wood, several treated forms have 
been developed. All types are relatively 
recent inventions, none dating from before 
the 1930’s, and have not yet had time to 
be fully developed and utilized. In the 
future, modified woods will doubtless find 
a multitude of uses, particularly for specialty 
items, but it is unlikely that the industry 
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will ever become a great consumer of tim¬ 
ber, and never a competitor with lumber. 

In general, modified woods are made by 
treating ordinary wood with thermosetting 
resins (see p. 97) of the phenol-formal¬ 
dehyde type. Thereafter, the wood is heated 
to setting temperatures and, often, com¬ 
pressed in special presses, assuming a dark 
color and becoming extremely hard, heavy, 
and durable. Since it is of uniform composi¬ 
tion throughout, scratches or scars can be 
buffed out without altering the finish, a 
property which would seem to be of par¬ 
ticular significance in the making of furni¬ 
ture and furnishings. The modified wood 
is very brittle, however, and this lack of 
toughness is a big disadvantage for many 
uses. 

Wood impregnated with phenolic resin 
chemicals, which, after drying and curing, 
bond the cell wall structure, is known as 



Modified woods: /left to right) conipreg-fared air¬ 
craft carrier decking, aircraft engine lest club, two 
propellers, aircraft radio antenna mast. (Courtesy 
U. S. Forest Service.) 


"impreg.” The resin is not a mere coating 
on the inside of the cell wall, but actually 
becomes a chemical part of the wood, 
stabilizing it against swelling and shrinkage 
(to about 30 per cent of normal). Veneer 
faces of impreg seldom check. Moreover, 
wood so treated is remarkably resistan t to 
decay and termite attack, to water and most; 
chemicals, and to electrical conduction. I t 
islngt, however,^fi re-resista nt unless special 
salts (see pp. 90-91) are incorporated in it, 
nor can large or thick boards be successfully 
impregnated throughout. Impreg has been 
used particularly to house electrical equip¬ 
ment, and as a facing where resistance to 
abrasion is demanded. If similarly treated 
wood is compressed during curing, the pro¬ 
duct known as "compreg” is formed. Com- 
preg has essentially the same characteristics 
as impreg, but its specific gravity is of 
course increased (to as much as 1.4: strength 
properties per unit volume also increase in 
about the same proportion as the density). 
In making laminates, no bonding material 
need be applied between sheets of compreg 


if these contain 30 per cent or more of resin. 
C ompreg has be en used for airplane propefc/ 
lers, con nector anti nearing plates, pulley 
and ge ar whe els, shuttles and bobbins, insu¬ 
lators, panehng, handles, novelties, and the 
like. “Stay b wood" is the name given to a 
fwood not treated with resin but heated 
almost to charring under molten metal. In 
this process the wood loses considerable 
toughness and strength, but its dimensional 
stability is greatly increased, as is its resist¬ 
ance to decay, apparently owing to chemical 
alteration of cell wall constituents. Much 
the same effect can be secured by treating 
wood with acetic an lmhidn and pvrirtinp 
(or certain other chemicals) to form “acetv-_ 
l ated wood ." Such wood is in a sense 
permanently swollen, owing to chemical 
replacement of certain radicals in the cel! 
wall compounds. Shrinkage, compared to 
that of untreated wood, is reduced as much 
as 70 per cent. “Papreg” may superficially 
appear to be a modified wood, but in fact 
it consists of lamellae of paper impregnated 
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with resins of the phenol-formaldehyde 
type. 

5. Hydrolysis, fermentation, and other 
chcmurgic products. Chemical alteration 
of wood substance by fermentation and 
hydrolysis to forms usable in other wavs is 
a field that has shown considerable promise, 

in recent vears, for utilization of the volu- 

/ 

minous wood waste of the United States. 


yield certain phenolic compounds and 
neutral oils. Many of the chemical products 
so formed are in heavy demand in industry 
for stub items as synthetic rubber, industrial 
solvents, and plast ics. On the whole, how¬ 
ever. only modest progress has yet been 
made commercially in these ways, and the ' 
drain on timber is. of course, negligible. It 
is to he hoped that future years will find 
more and more of the present-mi ll was tes 


Direct fermentation of wood by various 
microorganisms is possible, a process that 
takes place, ol course, in natural decay of 
wood, during which certain bacteria obtain 
lull nutriment front the wood. Study has 
shown that most of the fermentation is of 
the cellulosic components, the lignin being 
little utilized by the bacteria. Controlled 
fermentation of wood w aste with selected 
strains ol microorganisms usually yields as 
waste or end products several substances in 
mixture which can then be separated by 
purifications and distillations. In this fash¬ 
ion it is easily possible, hut not yet com¬ 
mercially feasible, to produce acetic, lactic, 


being chemurgically utilized. 

The hydrolysis of wood, perhaps the 
most promising way of altering wood wastes 
to more useful forms, is carried on in large 
steel percolators or digestors. The^acid, 
(usually dilute sulfuric about 0.5 per cent), 
is pumped into the percolators with steam, 
and slowly filters through the wood chips 
or sawdust with which the percolator had 
been charged, at temperatures of 150° to 
185° C. Cellulose, as it has already been 
shown, consists of a chain of ‘‘glucose resi¬ 
dues": these are here chemically separated 
into simpler products (hydrolized) by the 
acid with the addition of water (steam). In 


butyric, and other acids. 

Under the previous heading, mention 
/Isas made of partial hydrolysis of wood 
^/substance to free the lignin component fo r 
y^pl;|stjc 3 lid setjiip jastic purpos es. Hydrolysis 
^ is'likewise used to coITvert the cellulose 
component of sawdust and other wood into 
Qjjimplcr carbohydrates, for grouuluiIiQdder 
V yeast for stockfeed or for subsequent fermen¬ 
tation to ethyl alcohol, acetone, butanol, 
certain glyxoli^^uidjac^ ackhTIiere" is 
even direct change of wood to various use-/^ 
fid compounds such as acetic acid, metha-S 
nol, and furfural. Moreover^jjs iintimated 
t H.idrr ^ previous he ading/Telignm coTn^ 
ponent of wood can he hydrogenated at f 
high temperatures and pressures with suit-/] 
able catalysts to form higher cyclic alcoholjf 
which show promise as plastic solvent^, 
toxic agents, and antiknock motor fuel 
compounds. Variations in the process may 


as little as three hours, a thin syrup con¬ 
taining about 6 per cent sugar can be 
drained off. This syrup may be concen¬ 
trated and used for human or stock food 
(as has been done in Europe) or subjected 
to the usual fermentation, processes to pro¬ 
duce ethyl (grainlalcohol, acetic acid, and 
other products. Qlfe lignin remaining in 
the percolator is usually used to fuel the ” 
boilers, since it is not in a form economical 
for "making-plastics by present methods./ 
Softwoods seemingly give the best yields of 

alcohol (up to (iJLgailot!i_p er ton of wood 
waste), but hardwoods (yielding about 40 
gallons of ethyl alcohol per ton of wood 
waste) give a greater diversity of che mj&d 
products, which in certain cases may be , 
desirable. 

Under the proper conditions, both hy¬ 
drolyzed wood waste and sulfite pulp waste 
liquors may serve to grow fodder yeast, as 
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A turpentine still in the southeastern United States. (Comiesi Chicago Natural 

History Museum.) 


well as to produce alcohol. Selected yeasts 
derive energy from the carbohydrates from 
cellulose and are capable of utilizing nitro¬ 
gen in the form ol ammonia, urea , or 
various salts to build up proteins of excel¬ 
lent qualities forelock food. Phosphorus in 
the form of inorganic salts is usually added 
for the benefit of the yeast as well. In addi¬ 
tion to furnishing protein, the resultant 
yeast is rich in vitamins of the “B" complex. 

6. Distillation. Wood distillation is a 
persistent practice of long standing in most 
timbered portions of the globe, the United 
States included. In the United States, some 
30 to 40 million cubic feet of timber are 
utilized annually for distillation. Of this 
perhaps only 35 per cent constitutes a drain 
of sound logs of saw-timber size, or less than 
half tlie total annual consumption of thirty 
yearsago, reflecting a siz able dedin&4n the 
industry due to competition resulting from 
improved technology in coal tar, carbon 
black, and chemical synthesis industries. 
One of the big factors favoring wood distil¬ 
lation as a permanent industry, even though 
a comparatively minor one, is its ability 
to utilize culls, limbs and tops, thinnings, 
and wood waste. The future abundance and 


cheapness of these, or, in other words, 
forestry practices of the luture, will largely 
determine the importance of the wood dis¬ 
tillation industry'. Both softwoods arid-hard- 

4 

Woods mm )>r> nsc-il in -tl, Util hit inn J n 

either case ligartwood is prefer red. Soft¬ 
woods. particularly old pine stumpy in the 
southeastern United States, are utilized prin¬ 
cipally to produce ^turpentine and res im') 
Perhaps more important, however, is the 
h a id wood distillation industry, which pro- 
duces annually l arge quantities of charcoal ^U** 
(nearly 30 million bushels), acetic acid 
(about 30 thousand tons), and about 8_per 
cent (more than 5 million gallons) of the 


domestic supply of methan ol (wood alco¬ 
hol). In addition, more than sixty other 
chemical compounds have been isolated 
from hardwood distillates; most of these, 
however, are of little or no importance, and 
of insufficient quantity, for commercial use. 

S oftwo od Distillation. The primary 
purpose of softwood distillation-is the pro¬ 
duction of turpentine and rosin , which will 
be discussed more fully under the topic'of 
essential oils, since w ood su bstance, cellu¬ 
lose, is little involved. One-fifth o f the total 
naval stores p roduction comes at present 
from distillation of softwoods and recovery 
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Making charcoal in a remote forest in India. The 
natural forest is felled and made into charcoal and 
the site is then planted with more valuable species. 
(Courtesy Forest Research Institute. Dchra Dun. 
India. From Unasylva.) 

from sulfate pulp liquor. Production is 
confined almost exclusively 10 the south¬ 
eastern coniferous forest belt, where south¬ 
ern yellow pine is being increasingly used 
for sulfate pulp and where old stumps 
from previous decades oLlyggiiig are dyna¬ 
mited or mechanically pulled to yield most 
of the wood for so ftwo od distillation. Steam 
distillation and solvent— extr a ct ion are 
usually applied to softwoods. Chipped or 
crushed wood is typically boiled or treated 
with steam in huge retorts, from which the 
vapors are carried to a condenser. After 
condensation, the immiscible components 
separate out as a lower layer of water and a 
lighter layer of turpentine. Resin is usually 
extracted from the wood chips by the use 
of appropriate solvents. A complex mixture 
known as pine al is also obtained during 
distillation. Formerly this product was little 


valued, but modern industry is finding it 
increasingly useful for flotation extraction 
of mineral ores, predyeing treatment of 
fabrics, reclama tion of rubb er, and manu¬ 
factur e of —s oaps, in secticid es, and disift, 
fectants. A small amount of resin, turpen¬ 
tine. and pine oil is derived from dry 
destructive distillation of softwoods, a pro¬ 
cess which will be described in more detail 
in the paragraphs devoted to hardwood 
distillation. Of total annual turpentine 
production by softwood distillation (more 
than 200 thousand barrels), slightly more 
than half is made by steam distillation, 
slightly under half from sulfate liquor 
recovery, and only a fraction (less than 5 
thousand barrels) by destructive distillation. 

Hardwood Distillation. Hardwood dis¬ 
tillation is among the oldest of practices, 
antedating written history. It was originally 
practiced splely as a means of securing 
charcoal, and still is in many of the less 
mechanically advanced portions of the 
world where charcoal is today the chief fuel 
lor cooking and even for heating. In the 
United States, however, the pyroligneous 
acid from destructive distillation is nearly 
as much desired as is the charcoal. From 
the condensed vapors of destructive distilla¬ 
tion, the so-called pyroligneous acid (in¬ 
cluding wood tar, which is later separated 
by settling), come met hanol, vario us tars, 
acetic acid, and the like. Anfnoncondens- 
able gases are typically burned to assist the 
distillation, as is much of the wood tar for 
which no market can be found. 

The ancients produced charcoal by the 
simple expedient of piling wood in a heap, 
covering this with turf to prevent the 
entrance of air, and setting fire to the pile. 
The charcoal was sought for fuel and, in 
the days of alchemy, for the winning (reduc¬ 
tion) of metals. The same method is in use 
today in less advanced areas, such as the 
interior of South America and Africa. No 
attempt is made to retrieve the escaping 
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gases, the process being designed only to 
effect incomplete combustion of the wood. 
But by the eighteenth century it had been 
discovered that charcoal could be made 
more efficiently, and that the vapors 
(pyroligneous acid) could b e conde nsed and 
saved, simply by heating wood in a closed 
chamber. Thus there were progressively 
developed the brick _kjln or beehive oven, 
the metal retort, and finally the large steel 
ovens in use today.* The principle of des¬ 
tructive distillation remains the same today 
as before historic times—viz., heating wood 
with limited access to oxygen (air); only the 
efficiency of the means and the technology 
for complete utilization have changed. 

Charcoal has always been used in blast 
furnaces for the production of pig iron, but 
improved metallurgical methods utilizing 
coke have lessened the demand. It also 
finds some use as a domestic fuel; in making 
gun pow der, smelling, cla rifying su gar, stock 
feed; and for various chemical processes. 
Likewise, synth etic or fermentation methods 
of_ producing methanol, acetic acid, and 
acetone have narrowed the market for wood 
distillation products derived from the 
pyroligneous acid. Methanol is used as a 
solvent, particularly in s hellacs and va r- 
nishes; for making formaldehyde; and in 
the co al-tar dye and celluloid industries. 
Acetone and acetic acid have numerous 
industrial uses; e.g., in the manufacture of 


rayon and smokeless powder, in dyeing, and 
in numerous c hemical m anufactures. Metha¬ 
nol is distilled from the acetic acid of 
pyroligneous acid after the tar-lree distil¬ 
late has_been neutralized with lime, leaving 
upon drying a gray acetate of lime residue. 
The methanol may be further refined by 
additional distillation or fractionation. The 
acetate of lime is usually converted to 
acetone or acetic acid, or to any of a num¬ 
ber of commercial acetates. Yields per cord 
of hardwood in the more efficient kilns are 
-fa to 52 bushels of charcoal, ICO to 200 
pounds of acetate of lime, 8 to 11 gallons of 
82 per cent methanol. Hardwood distilla¬ 
tion is chiefly practiced in the northern 
portion of the hardwood belt, from New 
York and Pennsylvania to Michigan. Beech, 
birch, and maple are the principal species 
utilized in that area. In the more limited 
distillation in the South, oak, gum, hickory, 
ash, and elm are commonly utilized. Large 
limbs or cordwood have always been pre¬ 
ferred, because of the cost of handling the 
lighter waste slab, and because of the 
mechanical difficuhies of charring sawdust. 
HardtymzdL distillation in association with 
sawmill operation, however, permits the use 
of mill wastes for heating. In general, 
seasoned wood is prelerred for distillation, 
in that less heat is required to process it 
than would be needed for green wood of 
higher moisture content. 


• Beehive ovens arc serviceable where charcoal alone is of importance, but are relatively uneconomical 
in production of pyroligneous acid and wood, t iu^for the vapors produced arc partially burned. In this 
method, as much as a hundred cords of wood arc placed in the circular brick kiln, and part of it is i'*nited 
to supply the heat. A complete cycle-dwrgmg, igniting, cooling, and discharging-takes about twenty da\s. 

Distillation using the metal retort, a small cylindrical vessel holding less than one cord of wood involves 
extern al application ^ heat, A "run" takes only about twenty-four hours, in this method. 

Distillation in modern steel ovens involves running several steel cars loaded with wood (about two 
cords to each car) on tracks into the large rectangular ovens, which are then fired externally. The vapors 
«cape from the oven through openings at the top, and are led to wat^ticuokd-condensuis; in some cases 
they are used in part in firing the ovens. Escape heat from the ovens serves to dry products from the 
refined pyroligneous acid. A "run" takes from twenty-four to thirty hours. 

°, £ diS 'n Sli0 . n thal has f0Und somc favor> P ,inci P al! > for the utilization of small- 
no f ri 7 continuously charging chipped wood into the top of a retort, igniting it from below; 

addSatth^mp^- 1116 “ fr ° m Pailial C ° mbUSli0n U d -hargcdSrom 8 below as fresh 
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III. Secondary Forest Products 

0 

1. Commercial cork. Although cork is 
not a wood product—i.e., not a produc t of 
the plant tissue xylem—it is nevertheless 
strictly a material ol the plant cell wall, that 
complex ol cellulose and lignin and addi¬ 
tional lesser materials, and hence is appro¬ 
priately mentioned in this section. Cork 
comes from the bark of trees, specifically 
from that ol the cork oak. O uerats suiter r 
and is thus as much of a forest product as 
are wild fruits and nuts and the previously 
discussed items formed primarily from wood 
substance. 

The cork oak is native to the Mediter¬ 
ranean area, occurring in abundant stands 
in North Africa, Spain, Portugal, and parts 
of southern France and Italy. Stands are 
less extensive today than thev once were, 
owing to the inevitable losses stemming 
from their exploitation for cork or for fuel 
in times of stress, or from the clearing ol the 
land or its use lor grazing. As a rule, there is 
little attempt at reforestation with the spe¬ 
cies, or encouragement of natural seeding. 
The cork oak has been introduced into the 
New World, however, and several signifi¬ 
cant plantings have been made in subtropi¬ 
cal eastern United States and more particu¬ 
larly in California. As yet these introduced 
trees are not of sufficient cpiantity and ma¬ 
turity to be a significant market item, al¬ 
though in a score more years they could 
well be. Almost the entire present supply 
of cork stems from wild, and a few culti¬ 
vated. stands in southern Europe and north¬ 
ern Africa. The finest-quality cork perhaps 
comes from small holdings in northern 
Spain; the greatest quantity, from large 
holdings in Algiers and southern Spain. 
World production averages about 300,000 
tons annually; of this, some 50 to 60 per 
cent is imported by the United States. 

Com mercia l cork, as has been said, is 
bark—barkjdTfiFcork oak tree. It is derived 


from an especially uniform and continuous 
cotk cambium developed in this species in 
the inner bark outsi de the wo od. The cork 
cambium proliferates typical cork cells to 
its outside in considerable quantities. In 
a healthily growing tree, sufficient cells are 
produced in five to ten years to make a com¬ 
plete layer of cork, one to two inches thick 
over its entire extent. Stripping this layer 
from the cork oak yields commercial cork. 

The cork tells are important, of course, 
for the cell wall, not for the ceflxontents. 
This cell wall is nearly isodiametric—i.e., 
about as long as it is wide and deep-and is 
coated with a waxy, impervious layer of 
suberin. Finis each cell forms a water-tight 
compartment of air. En masse the cells 
constitute a remarkably effective insulating 
material and one impermeable to liquids. 
From these characteristics, acquired as an 
adaptation ol the tree to the harsh, drying 
environment of its native habitat, where the 
trunk of the cork oak needs protection from 
heat and drought during the dry season, 
stem the chief uses of cork. In addition, 
when the small, closely packed cork cells 
are cut across, they constitute on the cut 
surface a multitude of small cups, each 
perhaps analogous to the rubber suction 
cup used for opening drains. No matter 
whether wet or dry, grease-free or oily, these 
miniature suction cups of cork adhere to 
other surfaces under the slightest pressure. 
Consequently, cork has frictional qualities 
superior even to those of rubber; hence its 
utility for non-slip handles, bobbins, and 
rollers. Cork is likewise light in weight 
(sp. gr. of cork is less than 0.2), and hence 
useful for Moats; resilient (in compression, 
it is the air within the cells, acting like tiny 
balloons, that is compressed, so that there 
results no set, lateral extension or loss of 
"springiness" in the cork), and hence useful 
in cushioning heavy machinery or parts; 
chemically inert (only with strong acids or 
alkalis or a few organic solvents will it 
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deteriorate or react), and hence useful for 
closures, and like uses; stable, not breaking 
down with age or wear and not burning 
except under external application of flame; 
tasteless; odorless; and of pleasing texture 
and color. 

In modern times, cork is produced under 
a semiregulated system of exploitation 
designed to protect existing stands of cork 
oak. It is illegal, for example, in the 
Mediterranean area to strip cork from 
trees under a certain diameter, or more 
frequently than at prescribed intervals, 
usually eight to eleven years apart. Stripp ing 
is done by hand, usually during July and 
Au^ustTnimuch the same fashion as cen¬ 
turies ago. Typically, one or more lon gi- 
tudinal cl efts are made in the bark h^ means 
of a sharp, specially designed axe or curved 
saw, with girdling cuts at convenient inter¬ 
vals. The cork is then carefully pried and 
peeled away from the under tissues with 
various types of levers and wedges. Care 
must be taken not to injure the delicate 
cambium within or there will be no regen¬ 
eration of a new layer of cork; instead the 
tree will dry out and die. The removed strip 
of bark is typically a hollow cylinder the 
shape of the branch or trunk from which it 
was taken, cleft on one side. It then under¬ 
goes special treatment to become the flat 
sheet of cork familiar in commerce. The 
cork oak is usually not stripped until it is 
about fif teen to twenty yearn-nld, and there¬ 
after only at about ten-year intervals. The 
first stripping yields rough, uneven, poor- 
quality cork, used only for the less exacting 
needs, such as grinding. The second strip¬ 
ping is of better quality, but it is usually 
not until a third stripping that smooth, 
first-quality cork suitable for closures (e.g., 
bottle corks) and other such needs is 
obtained. a 

Treatment of freshly stripped cork bark 
generally involves steaming or boiling to 
soften the cells and dissolve tannins in 



Photomicrograph of cork showing characteristic cel¬ 
lular structure. (Courtesy Economic Botany.) 


order to remove them. The unusable 
“woody" surface is scraped away by hand, 
the curled sheets pressed more or less flat. 
The flatte ned she ets are then charred to 
seal the surfaces, trimmed, graded, and 
eventually baled and marketed. In Algiers, 
die sale of cork is often accomplished at 
open auction, much like the tob acco auc- 
tions in the United States, except that 
prices start at the "top " and come progres¬ 
sively downward until a purchaser makes 
his bid. Reports have it that such an auction 
is extremely tense, with each potential buyer 
requiring considerable astuteness to anti¬ 
cipate how soon a competitor will express an 
offer without bidding higher than necessary 
himself. Cork purchased at such auctions, 
or under local contract in the Mediter¬ 
ranean region, is usually shipped without 
further treatment to industrial firms in the 
large cities of the world. There it is made 
into the multitudinous cork products of 
modern living—linoleum, insulating board. 


-* 
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Slacks of cork awaiting shipment near Algcciras, Spain. (Courtesy Economic 

Botany.) 


gaske ts, st oppe rs, floats, handles, c ores, and 
the like. 

Mention of cork usually brings first to 
mind bottle corks or stoppers; these, how¬ 
ever, represent a relatively minor use of 
cork. Biggest uses are for an insulating 
board and in the making of l inoleum . For 
insula ting boar d, ground or shredded cork 
is compressed at_ moderately high tempera- 
turesjufliciently to effect binding of the cell 
wall materials, or is mixed with certain 
binders. The cork board so formed is a 
veritable mass of air bubbles, having excel¬ 
lent insulating qualities for roofing , refrig ¬ 
eratio n, and other types of insulation. 
Linoleu m utilizes a finely pulverized cork 
HourTwhich is mixed with drying oils and 
applied to a burlap backing. The making of 
linoleum will be further discussed when the 
subject of linseed oil is considered in a 
later chapter. Hundreds of other lesser 


uses for cork are known, for everything 
front cushions o n musica l instmmpnK and 
catwalk surfacing to fishing floats and life 
preservers. In the making of bottle corks, a 
peculiarity of nat ural cor k must be taken 
into account. Inasmuch as it is bark, cork 
is penetrated by natural “br eathing por es." 
the lenticels, which run front the external 
surface to the deeper layers of cells. If they 
are to be impervious, then bottle corks 
must be stamped, not from the surface of 
a cork sheet, but from the sides or end of it. 
The top and bottom of the bottle cork 
must not_be the ouside and inside of the 
cork bark, but lateral surfaces parallel 
to the lenticels, ehe leakage might occur 
through these pores. 

Nor are all the uses of cork modern dis¬ 
coveries. Theophrastus (third century b.c.) 
describes it as a product of the Pyrenees 
mountains, and Plutarch (first century a.d.) 
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reports that messengers swimming the Tiber 
used cork lloats as an aid. Other writers 
mention its use lor lloats by Iberian fisher¬ 
men. Probable, however, it was not until 

r 

general development ol the glass bottle in 
the seventeenth century that cork, for use 
as a bottle stop, became a significant com¬ 
mercial product. 

In 19-10 a cooperative program was begun 
in California designed to make the United 
States less dependent upon external sourc.es 
of cork. It was hoped to list all existing 
cork trees (about 5,000 mature trees in 
California today, some planted as early as 
1858) in older to facilitate acorn collection 
for propagation purposes; to propagate and 
distribute the species and test best methods 
for so doing; to test California-grown cork 
in comparison with the imported type; and 
to determine distribution, possible addi¬ 
tional utili/able species, chances for strain 
improvement, best methods of control lot- 
diseases and insects, and so on. It has since 
become apparent that the cork oak can he 
readily propagated and grown in the United 
States, yielding a product of quality fully 
comparable to that of the imported type. 
Moreover, it has been lound that unboiled 
cork is largely just as satisfactory as the 
boiled, or traditional, type. Whether Amer¬ 
ican cork can ever he produced cheaply 
enough to compete with Old World sources 
remains to he seen. II the planting program 
goes as planned, a million cork trees will 
eventually he growing in California, a 
number sufficient to supply (at thirty years 
of age) some 50,000 tons of cork in time 
of emergency. 

2. Christmas trees. It may seem odd to 
list Christmas trees as one ol the uses of 
wood. Nevertheless, the harvesting and sale 
of Christmas trees involves a seasonal turn¬ 
over of milli ons of dolla rs, and furnishes 

t 

• In areas, among others, where periodic regulated 
lias been established on a permanent basis. 


rural employment in many areas at an 
otherwise slack season. Furthermore, the 
cutting ol voting evergreen tr ees often has 
a pronounced eliect upon forest manage¬ 
ment. either for good or lor bad, depending 
on how and where it is practiced. T his effect 
may he lelt in other lores L , produc t ind us- 
tries in future years. 

It is impossible, as well as meaningless, 
to estimate the volume of timber consumed 
lor Christmas trees annually. Practically no 
trees of saw-timber si/e are taken, and many 
Christmas trees are forest thinnings whose 
removal is desirable under pr oper Jor est 
management. It has been estimated that at 
least 10 million Christmas trees are sold 
annually, the producer typically receiving 
from 10 to 50 cents a tree. Some conifer 
plantings for Christmas trees have been 
established/ particularly in the northeast¬ 
ern United States, and as such constitute a 
short-term crop (usually the period of 
growth is six years). Such plantings ordi¬ 
narily utilize poor, rocky soils unsuitable 
for agriculture, and have much to recom¬ 
mend them as an aid to rural econom y. 1 he 
bulk of the Christmas tree crop, however, 
perhaps comes from forest seedlings. These 
wild seedlings are often overly dense on the 
forest lloor, and selected thinning ol 
crowded or weaker trees not only yields a 
permanent source ol income to local inhabi¬ 
tants but improves the quality of the grow¬ 
ing stock. Unfortunately, removal of young 
trees in excessive numbers is a common 
practice, resulting in shortage of growing 
stock and consequent depletion of the 
stands necessary to maintain Christmas tree 
production on a permanent sustained- 
yield" basis. 

A number of species are utilized for 
Christmas trees, depending upon local 
availability and prices. Spru ce and f ir are 

harvest of stump sprouts from formerly logged trees 
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Bundling Douglas fir Christmas trees at Darby, 
Montana. (Courtesy U. S. Forest Service.) 


usually the favored types, hut where these 
are lacking or expensive, pines, cedars, hem¬ 
locks, yews, and other kinds are locally 
utilized. The latter types, along with holly, 
mistletoe, magnolia, Oregon hollygrape,_and 
a number of other_ forest shrubs, are .also 



ragua seeds being sawn into slices by an electric 
rotary saw. (Courtesy Economic Botany.) 


much gathered for Chri stmas g reenery, and 
for decorating graves, entrances, mantels, 
and the like. Probably the favored Christ¬ 
mas tree for supplying the large eastern de¬ 
mand is the balsam fir. Fir retains its needles 
after cutting much longer than spruce does. 
This ability to hold its needles, together 
with its attractive appearance and odor, ; 
commands for balsam fir theJiiehest mices 


—-- ^ m I 

on the easter n markets. _J 

/ 3. Vendable ivory . An unusual forest 
product, coming from South America, is the 
ivory nut, tagua or vegetable ivory palm, 
Phytelephas aequatoj ialis, or P. macrocar pa, 
Falmaceae. The seed or nut is the portion 
utilized, the endosperm cells developing 
thick, horny walls of hemkellulose that are 
extremely hard and give the endosperm the 
substance and appearance of ivory. This 
substance has long been carved or other- 
'Wise fashioned into curios for the tourist 


trade, but it is more important economically 
as a sourc e of buttons. 

The tagua palm possesses a short trunk 
surmounted by large, pinnate leaves. It is 
dioecious, with the female palms bearing 
as many as twenty huge clusters of burr like 
fruits, each burr containing several seeds. 
These seeds, about the size of lien's eggs, are 
the ivory ‘nuts" of commerce. The palms are 
seldom planted, but o ccur in a wild state 
from Paraguay to Panama. The seeds are 
gathered by professional collectors who 
travel from one area to another in the 
P hytelepli au-ones, or, more commonly, as 
a part-time activity, by local labor in the 
area. When sufficient seeds have been 
gathered to warr ant sale o r shipment, they 
are bagged and sent by raft or other means 
to market centers such as Manaos, Brazil, 
or Manta, Ecuador. A high percentage of 
them are there sliced into thin slices by 
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rotary electric saws, preparatory to being 
shipped to button manufacturers. 

Tagua nuts have been popular for more 
than a century-ever since the supplies of 
African ivory began to decline. Disruption 
of the tagua trade by World War 11, how¬ 
ever, induced main button manufacturers 

# 

to turn to synthetic substitutes, such as 
plast ics. Often these are cheaper and more 
satisfactory than vegetable ivory, a fact that 


presages a decline in the tagua trade. Pro¬ 
duction in the past has amounted to several 
thousands of tons annually. Other tropical 
palms possess seeds with similar endosperm 
properties, but none have attained even the 
mod est commercial importance nf thp tag l>? 

As noted on page 80, other secondary 
forestjiroilucts not derived fro m the cell 
wall can be better treated in subsequ ent 
chapters, 
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Various publications of the Forest Products Laboratory, Madison, Wisconsin. A list of publications 
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Panshin. Harrar. Baker, and Procter. Forest Products. (New York: McGraw-Hill, 1950). 



CHAPTER 6 


The Forests, Man, And The Future 


In thf. preceding chapters, something of 
the material importance of world forests, 
especially those of the United States, has 
been pointed out. There also exist, how¬ 
ever, many less tangible factors than can¬ 
not be measured either by number of trees 
or by dollar value. Particularly must the 
people of the United States be concerned 
with forestry problems during the next 
decades, a critical period in this country’s 
forestry history, and one that may in large 
part determine the fullness of life of genera¬ 
tions of Americans yet unborn. If the transi¬ 
tion from profligate waste to planned con¬ 
servation can be effected within a decade, 
the later years of the twentieth century may 
see a reasonably adequate supply of limber. 
If not, the lean years that appear to be 
imminent will doubtless endure indefinitely. 

The present status. Chapter 3 told 
something of how once abundant forests 
were wastefully exploited, progressively 
from the east coast of the United States to 
the west, where there now remains most of 
our relatively meager supply 0 f large virgin 
timber. Mention has also been made of the 
rapid consumption of tropical forests in 
populated regions of both hemispheres. 
Although the immense volumes of timber 
potential of the Amazonian (South Ameri¬ 
can), Congoan (African), and Siberian 


(Asiatic) forests will not soon be exhausted 
nor even exploited, the United States will 
of a certainty find large, sound logs such as 
are used for rotary veneer, and traditionally 
for most lumber, extremely difficult to 
secure. It seems inevitable that, in view of 
the present rapidly diminishing supply of 
quality logs, prices will remain high or will 
climb higher, and that imports (from the 
American tropics particularly) will in the 
future supply a good portion of the demand 
for specialty logs. 

The present status, then, is one of an all- 
too-meager supply of both growing stock 
and quality standing timber in what have 
for centuries been the leading timber-pro¬ 
ducing countries. Other forest areas of the 
world not yet exploited are on the whole 
inaccessible, with inadequate labor, ma¬ 
chinery, and transportation. As yet, these 
few remaining timber-rich regions serve 
very little to ameliorate the drastic needs 
of populated, forest-less areas. In the United 
States, the northern coniferous and eastern 
deciduous forest belts have been nearly 
cleaned out of quality timber. At the present 
time it is difficult to find in the once- 
great lumbering states of Wisconsin, Michi¬ 
gan, and Minnesota one significant stand of 
good pine or of any large trees. Generations 
of farming have eliminated most of the 
accessible hardwoods from Missouri to New 
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Scattering of unmerchantable seed trees and area 
selection cutting in Willamette National Forest, 
Oicgon. (CourtesN l . s. Forest Seixicc. From l tin- 
syh n.) 

England. The southeastern coniferous belt 
still provides very important production, 
hut it bears the unmistakable marks of 

I 

severe overwork and decimation. The scat¬ 
tered Rocky Mountain forests are mostly 
of minoi significance, it is the western 
coastal forest belt, its virgin stands being 
eaten at a terrific rale, that bears the brunt 
(and must do so lor some years to come) of 
supplying the United States with quality 
timber. A ranking of the states in lumber 
produc tion is given in Table 10, p. 133, and 
the comparative standing volume of their 


saw-timber, by species, is given in Table 11, 
p. 131. I he leading produc ing species (as of 
1015) are compared in T able 12. p. 135. 

Timber (ironing and lumbering. Poor 
systems of logging, from colonial times to 
the twentieth century, and operators who 
showed scam regard lor conservation and 
lot future generations, have given the lum¬ 
bering industiy in this country a poor civic 
reputation. Fortunately, in the last few 
decades responsible logging companies have 
looked beyond immediate profits. Govern¬ 
ment action and their own desire to insure 
theii future have caused these companies 
to practice reasonable conservation meth¬ 
ods. Where practicable, selective cutting* 
rather than clear-cutting t is customary; 
reforestation or replanting is not unusual; 
and maintenance ol seed trees lor regenerat¬ 
ing the stand is a recognized necessity. But 
in spite of these measures, the annual 
volume of timbei in demand exceeds annual 
increment from growth by some 30 per 
cent, and involves continuing drain upon 
the original endowment of our western 
virgin forests. 

The lumberjack. A discussion of lum¬ 
ber and lumbering should not pass without 
mention ol that hearty race of Americans, 
the lumbeijacks, a distinctive product ol 
natural selection in the rough environment 
of the wilderness. The lumberjack of the 
past was ol necessity proved in the rough 


• In selective cutting, onh selected trees "ripe" lot harvesting aic removed. ITicsc include mature trees 
hose continued growth will yield little or no additional value, trees of inferior species, and weak or 
iterfering trees that prevent maximum cflicicncv in growth of the stand as a whole. A continuous supply 
trees iC thus alvvavs maturing, with voting vigorous stock of the better species coining along to lake 
, c place of timber harvested. I he woodland is treated as a crop, yielding a certain amount of "interest 
ithout destroying the "capital." I he system is applicable only to tolerant species that can grow in the 
rcscnce (p.i ilia I shade) ol older trees. 

1 Clear-cutting involves logging ol all trees of all sizes. It yields the greatest volume of timber lor expense 
id effort applied. I he system is the only one applicable to stands where the seedlings are intolerant o 
,ade. If. where ii is used, sufficient stands of seed trees arc left adjacent to the area, or il sufficient seed 
■mains on the ground alter logging, a new stand ol trees, of uniform age. that could not have matured 
nder a canopv of older trees will regenerate the forest. A managed type of clear-cutting known as block 
,iivesting" involves clear cutting of blocks or sections of limber, leaving adjacent trees for future 
juiim and lo sene in ilie meanwhile- as seed trees. 
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Modern mechanized logging. A minor skids redwood logs from woods to land¬ 
ing. (Courtesy Caterpillar Tractor Co.) 


and tumble school of physical prowess. 
To have lasted even one year in the profes¬ 
sion he must have been durable enough to 
have survived incredibly severe working 
conditions and to lead a life that was both 
primitiveand brutal. The working day was 
from dawn until dusk, with the lumberjack 
like as not wet to the waist from standing 
in sleet or slush. Concoctions passing for 
liquor in the camps, the wild fights, and 
the omnipresent venereal disease seemed 
never to faze a real lumberjack. Precarious 
loading on ice-covered trails in a dav of few 
safety devices and the grinding logs of the 
mad spring drive on swollen rivers were al¬ 
ways a hazard. These men spent some 8 or 
10 months in the wilderness, sleeping on 
bough beds in a single fire-lighted bunk- 
house, bathing and shaving rarely if at all, 
merely conversing, playing cards, or per¬ 


haps fighting for amusement-hut all the 
while accumulating a jack-pot of wages. Is 
it any wonder, then, that after the spring 
drive was in, the accumulated wages were 
invested in one ephemeral but magnificent 
spree? The lumberjack had lived months in 
the wilderness awaiting the moment when 
he might "blow her in.” It was not uncom¬ 
mon that after a first night in Bangor, 
Saginaw, Muskegon, or Seattle, or in any of 
a number ol other towns whose names are 
famed in logging history, a paid-off lumber¬ 
jack might awaken, if he could, with pockets 
as empty as when he left for the woods 
several months before. There were no re¬ 
grets; wages were but to be spent. Thus did 
the logger first cut his way through Maine, 
then west to the Lake States, thence hap¬ 
hazardly into the southeastern pine forest 
but in force into the Pacific Northwest 
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General view of the Pacific Lumber Co. at Scotia. California with logs in the mill 

pond. (Courtesy Caterpillar Tractor Co.) 


where the last of his kind made a final but 
futile stand before the inexorable invasion 
of “< ivilization." 

But today—and possibly for the better- 
the famed lumberjack is no more. Mecha¬ 
nization has invaded the virgin forest, and 
the vigorous selection of a former era is no 
longer in force. To be sure, skill is still a 
necessity, particularly for the high-riggei 
and in mechanized skidding, but for the 
most part the loggers are quite ordinary in 
appearance and behavior, often commuting 
daily from their homes to the place of 
felling over logging roads traversable by 
modern automobiles. I he "wild bull of the 
timber" has become a family man; and so 
has passed a distinctive American type, once 
numbering between one and two hundred 
thousand souls, a vital force in a growing 
country yet young. 

Typical modern lopping methods. In 

the extensive virgin stands of the West, 
logging has become nearly as mechanized as 
the rest of American industry. Wheieas 
loggers once remained lor most ol the year 


in isolated and tumultuous lumber camps, 
modern loggers journey to and from the 
scene of operations. As has been said, skill 
in handling an axe and brute strength to 
defend oneself ate no longer so essential: 
power chain-saws now fell much of the 
timber, although skill in undercutting and 
felling is still a necessity. Where once the 
bullwhacker pulled fallen logs from the 
forest with oxen, and then with mules, a 
"donkey engine" (stationary steam or gaso¬ 
line power, with an intricate series of cables 
fastened to the felled logs) or immense 
caterpillar tractors now skid timber to a 
central loading point. For efficient operation 
of a donkey engine, a “spar tree" must be 
selected to receive the cables, and thus 
“lift" skidding logs over intermediate ob¬ 
structions. Fhe spar tree is an exceptionally 
tall and strong tree from which the top has 
been removed by the "high climber. 1 he 
high climber's job is one of the most pre¬ 
carious in modern logging. He must climb 
the spar tree, and, while dangling hundreds 
of feet above the ground, cut away the top, 
fasten necessary pulleys and gear at the sum- 
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(or between two spar trees), powered by the 
donkey engine, skid (at an upward angle to 
clear obstructions) logs felled in the vicinity 
to a central depository near its base. 1 hey 
are there mechanically loaded onto huge 


mil, and regularly check this equipment. A 
fall from this precarious perch as the spar 
tree groans under stress or occasionally 
splits in topping is almost certain death. 
The high lines from the towering spar tree 


Table 10 

Estimated Softwood and Hardwood Production in the United States, 

According to States, for 1945 * 


Total 

Oregon . r>a» 3 .M 7 

Washington . 3-257.995 

California and Nevada . 2,260.792 

Alabama . 1,585,079 

Georgia . 1,510,080 

Mississippi . 1.313.241 

North Carolina. 1,214.918 

Arkansas and Oklahoma . 1,090,173 

Louisiana . 1,024.078 

Virginia . 994.664 

Texas . 933,101 

Idaho . 780453 

South Carolina . 726.707 

Tennessee . 627,223 

Florida . -184.525 

West Virginia . 476,209 

Pennsylvania . 463.688 

Kentucky . 421.326 

Michigan . 420,884 

Maine . 3 73i6o 8 

Montana . 341-749 

Wisconsin . 316,078 

New Hampshire . 290,125 

New York . 283,478 

° hio .. = 56,570 

Missouri . 240,516 

Vermont . 195.3,5 

Minnesota . ,86,090 

Indiana . 147,051 

Maryland . ,15.962 

New Mexico . 99,100 

Massachusetts . 88,490 

f° lorado . 88,059 

,{j) va .. 73-292 

lnois . 65.836 

Wyoming ... 

South Dakota . 45.263 

New J er scy . 3,-48 

2 * . 

Delaware . « llj8 

Connecticut . 6l 

Kansas and Nebraska . 

Rhode Island . l ^ 

'Figures indicate thousands of board feet. Figures taken from 
U. S. Department of Commerce, Bureau of the Census, Industry 


Soflu-ood 

Hardwood 

4.996,647 

6,900 

3 - 245 - 4*5 

12,580 

2.260.399 

393 

1.048,274 

536,805 

1,124.744 

385-336 

705.683 

607.558 

892.231 

322.687 

678.155 

412.018 

522.758 

501.320 

547-392 

447.2-2 

721,876 

211.225 

780.315 

>38 

550.581 

176,126 

' 54-563 

472,660 

446,004 

38.521 

45 - 9*3 

430,286 

>01.459 

362.229 

48.180 

373.146 

122,538 

298.346 

365696 

7.912 

341,623 

126 

105496 

210,582 

264,454 

25.671 

158,638 

124.840 

1,674 

254.896 

26475 

214.04I 

122,031 

73.284 

100,714 

85.376 

' 57.984 

0 

5*4 

146,527 

72.589 

43.373 

98.927 

*73 

73.604 

14,886 

87,236 

823 

1.616 

71.676 

323 

65.513 

54,068 

Si 

44.729 

534 

10,045 

21.403 

27.987 

844 

19,676 

2,462 

8,826 

8-535 

764 

12,645 

1,036 

773 

Forest Products: 

Table 2. 

Division, June is. 1047, 











































Table 11 

Comparative Standing Volume of Satu-7'imber for Various Forest Belts of the United States , According to Kinds 
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adapted from Gaging the Timber Resource of the United States , Report x. Forest Service, U. S. Department of Agriculture, 1946. 
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Table 12 

Lumber Production in the United States 
for 1945 , According to Species and Region * 


Thousands of Board Feet 


Softwoods . 

Southeastern yellow pine . 

Douglas fir . 

Pondcrosa pine . 

White pine, western and eastern — 
Hemlock, western and eastern .... 

Fir, white or true firs, all species_ 

Redwood . 

Cypress, bald . 

Sugar pine . 

Western larch . 

Arborvitac or western red cedar_ 

Sitka spruce . 

Spruces, other than Sitka and Engel- 

mann . 

Engel mann spruce . 

Lodgcpole pine . 

Incense cedar. 

Port Orford cedar . 

Cedars, other . 

All other species. 


21.t39.872 

7,210.066 

6.237.512 

3.056.281 

1.268.753 

'• 038.999 

499.266 

H3'8°7 

228.3X8 
228,103 
I (»0.722 
187,803 
169 . 84 I 

"7.387 

7 °- 39 ' 

65.358 

52-524 

37-259 

25,000 

10,032 


Haro woods . 

Oak, all kinds. 

\ Red gum or sweet gum. 

Tulip tree or yellow poplar.:. 

Maple, all kinds, but principally 

su g» r . 

• Tupelo gum . 

Beech . 

Poplar, cottonwood . 

Hickory, all species . 

Elm .. 

Birch . 

Basswood . 

Ash . 

Alder .... 7 .’’"... 

All other species. 


6,982,472 

2,858.862 

970,678 

578 . 4 G 3 

522.100 

• 138.703 

352.! 40 
209.038 
158,651 

'58.513 

151.869 

100,044 

84-136 

* 3.749 

300.905 


Total, United States. 

West total. 

Pacific states .‘ 

Rocky Mountain states . 

East total . 

New England and Lake states. 

Middle Atlantic, Central and Prairie 
South Atlantic, Gulf and Lower 
Miss. 


28,122,344 

12.117,872 

10.522,334 

>.595.538 
16,004472 
1,889.760 
3.238.146 

10,876.566 



•Figures taken from Table 3 of Forest Product 
194 S- Department of Commerce, Bureau of the Censt 
Industry Division, June 25, 1947. 


trucks or logging rail cars and rapidly 
transported to a stream or directly to the 
mill. At the mill, modern mechanical equip¬ 
ment lifts and saws the logs, and piles the 
finished lumber in almost automatic 
fashion. 

Small farm logging practices. Although 
a considerable part (25 per cent) of the 
forest land in the United States is govern¬ 
ment-owned and a great deal more (SO per 
cent), though privately owned, is in small or 
large lumbering tracts, still one-third, some 
140 million acres, of the total forest land is 
on the farms. Proper management of these 
many small properties, then, is of great 
concern to everyone. Proper management 
can do much to safeguard our forest poten¬ 
tial, and at the same time provide a tidy 
regular income for the farmer. 

Harvest methods for the farm forest can¬ 
not be so mechanized as are those employed 
by the large commercial lumbering outfits. 
Few farmers have woodland extensive 
enough to warrant the purchase of power 
saws, much less the acquisition of large ma¬ 
chinery. (Several small, portable pulpwood 
and timber harvesters, however, have been 
designed.) As a result, most farm timber is 
cut in the traditional fashion, by axe and 
saw wielded by the owner and his dep¬ 
uties; or the rights to cutting are sold or 
leased to a small logging outfit operating a 
portable mill. With the great demand for 
lumber during World War II, many ephem¬ 
eral mills sprang up, particularly in the 
southern coniferous belt. Unfortunately, 
the transient operators have but little in¬ 
terest in sound cutting practices, since their 
futuie is seldom linked with permanent 
development of the area. Rather, their ob¬ 
jective is immediate profit at any cost. In 
recent years an encouraging trend has been 
noted in die eastern United States towards 
establishment of small but permanent mills 
in forested areas. In such circumstances the 
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Small mill ai outlet of Priest 


l ake in Idaho. (Courtesy II. S. Forest Service.) 


entire community has a financial stake in 
proper management ol the iorests lor the 
I mure. Considerable progress has been 
made in the design of all small mills* re¬ 
cently, ameliorating problems ol scarcity 
and the high cost of labor through greater 
mechani/ation. Emphasis is put on the im¬ 
provement of gang saws and of portability, 
so that the cost of bringing logs of diminish¬ 
ing quality to the mill is lessened and 
higher production per man-hour of sawing 
is achieved. 

Jt may not be amiss to examine a few 
of the recommended procedures for sus¬ 
tained yield maintenance of small woodlots, 
since a goodly and increasing portion of 
our commercial timber does and will come 
from such properties. On the average, IK 
per cent (about 27 acres) of a farm is in 
woodland. At present less than half of the 
total acreage is intelligently managed. To 


the timber can be profitably thinned, lot 
il trees arc overcrowded, growth is slow and 
haphazard and the quality of the wood is 
lessened. II. in a growing stand, suppressed 
and cull trees and interior species, par¬ 
ticularly, are cut out for use as cordwood, 
pulpwood, posts, and so on, the more 
valuable types will be “released - ' for more 
vigorous growth. Over-thinning, however, 
should be avoided, since trees grown in the 
open develop too many branches and do not 
provide the tall, branch-free trunks desir¬ 
able for lumber. Thinning operations are 
only remunerative where posts, pulpwood, 
or luelwood is in demand, and their practice 
is largely dictated by the availability of 
labor. Ideally, "wolf trees” (large, very 
branched trees usurping much area but too 
knotty to be of much value), "whip trees" 
(tall, thin trees whipping foliage from others 
in high winds), excessive coppice (multi¬ 
tudinous sprouts from stumps), and inter¬ 


im prove the stand in a woodlot, much of 
• Miring setond-growth tin,her in the- Ear. and mirage lags Loin large male logging operation, in the 


West. 
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Small portable mill lumbering locally. (Courtesy American Forestry Association.) 


feting vines, should be removed from the 
woodlot in so far as possible. The high- 
grading of trees-i.e., removal of only the 
valuable species—is immediately profitable 
but results in a progressive worsening of 
the stand. Owners of small properties should 
see, not only that there is uniform thinning, 
but that inferior species are eliminated as 
well as, or preferably in excess of, valuable 
types. Certainly, if high-grading is prac¬ 
ticed, adequate seed trees of the more valu¬ 
able species should be kept from cutting. 

A second principle to be followed in 
woodlot management, supplementary to im¬ 
provement of the stand, is immediate har¬ 
vest of mature trees. Once a tree attains 
merchantable saw-timber size, additional 
growth is progressively slower, and old-age 
decay or debility may set in. For highest 
yield and greatest profit from the timber 
crop, mature quality trees should be har¬ 


vested at their peak and their growing 
space given over to younger, vigorous stock. 
Harvesting and thinning are thus accom¬ 
plished in a single operation. 

On most farms, little attention is given 
to perpetuation of the woodlot. Land un¬ 
suited to anything but forest is denuded 
and “cropped'' for a few years; no seed 
trees are left to regenerate the stand, and 
weeds and sod prevent effective germination 
of what seeds are available. Burning-over 
and grazing of the woodlot destroy young 
growth, with the result that a stand of per¬ 
haps overmature trees alone is left, with 
no seedlings available to maintain a vig¬ 
orously growing stand. Furthermore, the 
burning destroys valuable humus and may 
deprive the soil of beneficial microorgan¬ 
isms, destroy seed and ground cover, and 
injure the trunks of valuable trees. Wood¬ 
land grazing has been shown to be of 

* 
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exceedingly little value for livestock, pos¬ 
sessing only one-tenth the forage value of 
like acreage in pasture. Vet many farmers 
persist in letting their cattle destroy young 
grow th and cover, and trample and puddle 
the soil of the farm wood lot, while deriving 
but little nutriment in the process. It has 
been proved that woodlots fenced against 
cattle give production superior to that 
yielded by control lots where grazing has 
been allowed. 

Where adecpiate natural regeneration 
becomes impossible for any of the reasons 
mentioned, it is frequently profitable to 
plant nursery seedlings of high-quality 
species. Walnut, selected pine, and like 
species, planted on a few acres, can in the 
space of one generation, yield thousands of 
dollars profit and years of more pleasurable 
surroundings. Judicious pruning of young 
trees where density of stand is not sufficient 
for natural pruning (shading out of lower 
branches when still small) will usually yield 
dividends upon harvest in higher-grade, 
higher-value logs. As much as two-thirds 
of the trunk of a tree may be freed of young 
branches, to produce a singularly knot-free 
timber in maturity. 

Timber-groicth goals for the future. 

The Forest Service of the U. S. Department 
of Agriculture, appraising the over all forest 
resources of the country in the light of re¬ 
cent statistics and trends, has predicted the 
probable future forest needs of the United 
States.* Assuming continuing prosperity, 
the Forest Service believes the nation should 
plan to produce annually 18 to 20 billion 
cubic feet of all timber, including perhaps 
65 to 72 billion board feet of saw-timber. 
This amount is, of course, considerably 
more than the United States utilized in 
1914 (12.2 billion cubic feet, or about 50 
billion board feet). The goal set allows for 


reasonable loss through inevitable fire and 
insect damage. Plans take into consideration 
needs only-not ability to meet these needs; 
it is admittedly unlikely that the United 
States can meet them for decades to come. 
Present annual growth of all forests is 
estimated at approximately 13.4 billion 
cubic feet, only two-thirds the amount 
needed t o balance the expected annu al 
demand. 11 the proposed goal is to be 
achieved, growth goals as much as double 
the present annual increment must he at¬ 
tained in the two great forest regions of 
the United States, the southeastern coni¬ 
ferous belt (40 per cent of the commercial 
forest land) tfhd the Pacific coast belt (14 
per cent of the co mmercial forest lam b. 
Only these regions seem potentially able to 
supply timber in the quantities needed. In 
the southeastern belt, continued harvest of 
saw-timber, already in an advanced stage of 
depletion, will make future procurement 
ol quality logs extremely difficult. The West, 
then, must be relied upon for the most part 
to supply the nation with large-dimension 
timber for years to come. As the virgin tim¬ 
ber there becomes depleted also, the pinch 
to forest industries that the East has long 
felt will become nation-wide. 

The chief requisite for attainment of tim¬ 
ber goals within this century is a method 
to increase growing stock. Land area suf¬ 
ficient to meet goals is in existence, but in 
general it is understocked, and with poor 
species. In other words, then, the volume 
and character of_our timbei^suuds must 
be radically improved. Reseeding and re¬ 
planting must be assured, so that a con¬ 
tinued harvest may be had, and so that no 
good forest land may be left idle after 
clear-cutting or produce at less than high 
capacity. This is obviously a long-range 
problem, for saw- timber seeded toda y, even 
of a~fast-growing species, will not be har- 


•Scc Gaging the Timber Resources ol the United States, Report 1 . Forest Service, U S. Department of 
Agriculture, 1916 
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vested for 60 to HO years. The present 
stand. of young timber is far from adequate 
to provide assumed f uture nee ds. Prevail 
ing forestry practices, particularly in the 
southeastern coniferous belt, if continued, 
will result in a decline of production twenty 
years hence of perhaps a thousand billion 
board feet, a 27 per cent decrease,, whereas 
a 33 per cent increase is needed. This is 
certainly cause for serious concern, and an 
indication that only concerted action by all 
timber owners, producers, industries, and 
the government can avert future timber 
deficiency. Po or and destructive forest prac¬ 
tices 'now become a matter of concern to 

V^very citizen of the nation, and particularly 
to those several million workers who rely 
for employment directly or indirectly upon 
tim ber produc tion. High-grading must be 
stopped, seed trees must be left standing, 
grazing must be limited where necessary, 
fire must be held in check, and information 
o n all phases of timber managemen t must 
be made generally available. Better manage¬ 
ment from an ecol ogical approach, more 
protection, more planting, and less waste 
than ever before require the cooperation of 
all. Since three-fourths of our forest land is 

• 

privately held, this means that there must 
be greater vision and public res ponsibility 
on the part of owners who in the past 
have been lax in their management prac¬ 
tices, particularly those small owners not 
cognizant of their vital importance in the 
over-all set-up. More especially, the way 
in which the eastern forests, which have 
felt the greatest impact of timber drain 
in thejpast, are treatedJn the next few 
years will largely determine the adequacy 
of timber for the needs of our children 
and of their children. But with the best 
possible progress under a constructive for¬ 
est program, the United States cannot hope 
in the ne xt quarter century to come within 

• Roughly 25 
7 per cent by 



Typical Tillamook burn area lo be rehabilitated. 
(Courtesy American Forestry Association,) 


H billion board feet (80 per cent) of 
probable requirements, even barring un¬ 
expected needs for military or other use. 
Lean timber years seem inevitably ahead. 

Fire and disease protection of forests. 
1 he tremendous loss of timber through fires 
in past decades is well recognized by the 
general public. Such catastrophes as the 
famed Peshtigo fire in Wisconsin near the 
turn of the century, the Tillamook fire of 
1933 in Oregon, or, more recently, the 1947 
blaze in Maine, destroying not only millions 
of acres of invaluable timber but snuffing 
out the lives of scores of human beings, are 
among the nation’s most notable calamities. 
Fortunately, effective measures have been 
undertaken by the government to minimize 
the frequency of forest fires, 90 per cent of 
which are caused by man.* Observation 


towers equipped with maps, radio, and tel< 

per £ent by careless smokers, 25 per cent by incendiaries, H per cent by burning debri 
campfires, and 20 per cent by miscellaneous causes. Only. 9 per cent are caused by lightninf 
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Spraying from the air is a modern disease-pre¬ 
vention practice used in some areas. (Courtesy 
American Forestr\ Association.) 


phone have been erected: these survey wide 
sweeps ot forest acreage and at the first 
sign of smoke can direct firefighters to the 
scene ol a fire before it gets beyond control. 
Use of aircraft and mechanical equipment 
wherever possible has similarly aided in the 
protection of our forests against enemy 
number one, fire: and fire breaks are main¬ 
tained in many forest preserves. On lum¬ 
bered tracts, slash and waste are usually 
required to be piled and burned under 
supervision. Vet even today not all forest 
acreage is under vigil for fire protection, 
despite the nearly thirty million dollars 
spent annually by the federal government 
lor such service. Comparatively minor brush 
or ground fires on farm property may not 
be sufficiently large to burn trees or to merit 
supervisory expense for their prevention, 
but may kill seedlings; injure the bark of 
large trees, allowing the entrance of disease 
and insects; destroy the humus; and im¬ 
poverish the soil. 

Almost as deadly an enemy to the forest 
as fire is the combination of insect attack 
an d plant disease. Sometimes control is 
possible, as was the case when the hemlock 
looper ►"'ailed West Coast forests: proper 


dusting from airplanes eliminated the men¬ 
ace. At the other extreme are the largely 
ineffectual attempts to control Dutch elm 
disease and elm phloem necrosis in the 
eastern United States; with phloem ne¬ 
crosis the sector is not definitely known. 

And onlv moderate success has been at 

/ 

tamed in some other attempts at disease 
control, such as hand removal of the altei 
nate host (gooseberries) in white-pine 
blister-rust control. All told, Ine, insect, and 
disease account for a loss of some two bil¬ 
lion cubic leet ol timber annually, or three 
times as much as is utilized for pulpwood. 
Fortunately, natural agencies—birds, insecti 
vores, and seasonal changes—aid man in 
controlling most insect pests and vectors. 

Forest management in tropical areas. 

In general, improvement in the manage¬ 
ment ol tropical forests has not kept pace 
with that ol temperate regions, owing lar¬ 
gely to educational, population, and ma¬ 
terial deficiencies in most tropical coun¬ 
tries. In tropical America, for example, se¬ 
lective logging (high-grading)—i.e., removal 
of the finest specimens of valuable tree 
types only, since the time of the Spanish 
conquest—has severely impoverished the 
stands. No thought was or is given to the 
provision of means for the continued repro¬ 
duction of these valuable spec ies. As a re¬ 
sult, sought-after species such as mahogany, 
balsa, chicle, and the like have been largely 
eliminated in accessible areas. I he quality 
(dollar value) of the forest stand is con¬ 
sequently diminished, and additional speci¬ 
mens of the desirable species must be sought 
far afield at drastically increased expense. 

Climatic factors, too, make it difficult to 
pursue economical forest practices in the 
tropics. Mechanical equipment quickly 
rusts and deteriorates in the humid tropics, 
especially with the severe use, attributable 
to the lack of roads and the scarcity of 
trained mechanics and repair facilities, to 
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Intentionally hiirnt-o\cr hillsides in Minas Geiaes, 

Brazil. 


which it is subjected. Owing to floods, 
disease, and the impassable condition ol 
roads during the rainy season, logging 
operations must often be seasonal. Other 
difficulties go hand in hand with the trop¬ 
ical environment. Labor is apt to be 
transient, listless, unhealthy, and often ex¬ 
tremely scarce; and supervision of what 
labor can be secured is nearly impossible 
in the extensive jungle. In fact, trained 
supervisors are seldom to be had, at any 
price. The necessities of life are scarce, ex¬ 
pensive, or even impossible to get, so that 
much of the laborer's effort is expended in 
winning a livelihood from the jungle rather 
than in doing his job. Transportation in 
most of the American tropics is slow, ex¬ 
pensive, and undependable; often supplies 
can be moved only on human shoulders, or 
tediously up-river by canoe. Railroads and 
roads passable to a modern automobile 
usually penetrate little farther than the out- 



F.lephants drugging timber in India. The ele¬ 
phant pulls the log by a rope held in his mouth 
so lie can sec what he is doing. Elephants also 
perform (his work in harness. (Courics\ Forest Re¬ 
search Institute. Dehra Dun. India. From Ututsylva.) 

skirts of the inhabited coastal cities. As 
a result, shipping costs are high and ship¬ 
ping itself is risky. And as if natural difficul¬ 
ties were not enough, political conditions 
are not always propitious for the active 
prosecution or enforcement of conservation 
practices. 

In addition to the immediate problems 
discussed in the preceding paragraph, others 
of a long-range nature confront the science 
of tropical forestry. For example, with 
selected old-growth stock already cut or 
rapidly being decimated, where is adequate 
seed stock for future replenishment of these 
species to come from, even assuming more 
adequate practice of conservation mea¬ 
sures.' Also, in what way can the present 
system of selective cutting be altered to 
encourage valuable tree species having a 
high light requirement, which cannot ade¬ 
quately reproduce their kind in the density 
of the tropical forest? Indeed, much re¬ 
mains to be done in tropical forestry; not 
the smallest task is the training of native 
foresters in techniques of careful manage¬ 
ment. Some progress is fortunately already 
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being made in this direction in manv local¬ 


ities, but the way is long and difficult in 
those areas where the introduction ol im¬ 
proved practices has ramifications that are 
contrary to custom in the established way 
ol lile of tropical peoples. 

The aesthetic and recreational appeal 
of the forests. Mankind has presumably 
evolved in association with aborescent 
vegetation; trees have provided fuel, shelter, 
and lood for countless generations. But over 
and above all this, there is an undefinable 
aesthetic appeal in the majesty of huge 
trees, while denuded hillsides, bare-stump 
vistas or burned-over landscape ollend 
the sensibilities. Millions of tourists yearly 
visit the National* and State Parks for a 
glimpse ol mere vestiges of the primeval 
beauty that was America; and millions more 
seek the solace of forested country areas on 
weekends and on vacations. These intangi¬ 
ble benefits from the remaining forest land 
of our country cannot be calculated in dol¬ 
lars and cents, or in board leet of timber. 
Yet without them we would be immeasur¬ 
ably poorer. 

Wildlife protection and erosion con¬ 
trol. Forests serve to house numerous forms 
of wild animal life. Perhaps more affected 
by the forest than is game is the fish popula¬ 
tion of the rivers, the provider of America’s 
number one sport, fishing. Forest cover 
promotes stream conditions favorable, for 
example, for trout-an even How of cold 
(underground) spring water and insulation 
against the heating action ol the sun. More 
important is the watershed protection af¬ 
forded any stream-the reduction of runoff 


and the retention of topsoil. Without re¬ 
taining forest rover. How is seasonal, with 
sudden Hash Hoods alternating with periods 
of near dryness. Worst of all, the soil of 
burned-out or denuded forest is quick to 
wash and erode, clogging stream channels 
with silt suffocating to game fish types, and 
silting over the breeding grounds and game 
fish habitats. Erosion annually diminishes 
the fish population a hundred fold that of 
the annual take of all fishermen. It is not 
“overfishing” but the destruction of breed 
ing grounds and habitats that is insidiously 
depopulating America’s rivers of fish. One 
must remember that good water and good 
forests go hand in hand. As simple an opera¬ 
tion as the opening of logging roads, il 
carelessly done, may have astounding effects 
in accelerating erosion and fouling streams 
in a naturally forested area.f Whatever the 
market price for timber, it is a poor invest¬ 
ment for the nation to log, and particularly 
to clear-cut, the headwaters of our streams. 
Not only is soil lost and wildlife diminished 
when this practice is followed, but floods 
become increasingly hazardous. 

Food from the forest. The plants of the 
forest often provide food (and other ma¬ 
terials)}: to mankind directly, as well as 
through the production of game. Some of 
these-e.g., maple sugar—will be discussed 
in later chapters devoted to the type of 
food in question. Others are of but minor 
importance as food, but are of considerable 
recreational value in the gathering; among 
these are the various nuts and fruits of the 
forest. Few indeed are the American men 
who have not in their youth collected wal¬ 
nuts and butternuts, pecans and hickory 


• In the United States there arc uventy-six National Parks, aggregating more than 10 million acres, 
t aside to he preserved as nearly as possible in their primitive stale. In addition, there aic Nutiona 
.rests aggregating some 177 million acres, which are subject to regulated exploitation 

y For popularized discussion of this aspect of forest management, see Edward N. Munns. Otn loicst 

id Watersheds,” Scientific Monthly, Vol. 67 (November 1918 ), p. 318 . ... 

♦ Such products as tannins, dyes, pharmaceuticals, essential oils, and so forth, from wild sources 

? discussed in later chapters. 
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nuts, beech nuts, chestnuts, pi non nuts, 
pawpaws, plums, persimmons, crab apples, 
or various berries. Of these the most im¬ 
portant commercially is the pecan. Selected 
strains from wild stock have yielded the 
fancy, large, and thin-shelled varieties now 
commonly cultivated in orchards in the 
southern United States. A considerable 
quantity, however, still comes to market 
from wild trees in the Texas, Louisiana, 
and Oklahoma river bottoms; and many 
more are consumed locally. Pecans have 
been known to the colonists of the New 
World since the early 1500's, when Cabe/a 
de Vaca, long a prisoner of the Indians, 
told of the annual tribal custom of gather¬ 
ing nuts. It was not until the turn of this 
century, however, that commerci al mark et¬ 
in g and shipping o f wild nuts were initi- 
ated, coinciding with the invention of a 
suitable shell-cra cking mach ine. 

Blacky walnuts, though by no means so 
important commercially as pecans, are al- 
wa ys in demand on the market . It is strange 
that the very tree that produces wood with¬ 
out peer should also produce fruit so highly 
esteemed. As has been said previously, the 
black walnut has come to be planted in 
some quantity, and some of the nuts reach¬ 
ing the market come from cultivated stock. 
Hulling and cracking of black walnuts have 
always been a problem; and even today 
these operations are accomplished largely 
by hand as a spare-time activity, or one as¬ 
signed to children, in many rural areas, to 
yield a tidy supplementary income with no 
capital outlay. The' use of bl ack walnnK 
for flavoring has been chiefly in the con- 
fecti on and ice cream indus tries: and al¬ 
though supplies have consistently increased 
during the last half century, the demand 
has apparently never been met. This limita¬ 
tion in supply is due more to difficulties in 
hulling and cracking than to a shortage of 
nuts. 

Hickory nuts of certain varieties are suit¬ 
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able for human consumption, and others 
may be utilized in the form of a mash. They 
are of the sa me genus (Oirya ) as the pecans. 
Hickory nuts are consumed locally and sel¬ 
dom come upon the market. Similarly, the 
butternut, brother to the black walnut, is 
locally valued in the northeastern United 
States, but is seldom marketed. Cli estnut s 
were an important wild food throughout the 
eastern United States in generations'past, 
but killing of the chestnut trees by blight 
has largely eliminated this valuable species. 
Beechnuts are consumed locally in much of 
the eastern United States, but their small 
size and the difficulty of extracting the nut 
from the spiny husk have limited their 
commercial usefulness. Pi non nuts are the 
seeds of certain small pines of the semiarid 
Southwest. Long a staple in the diet of 
Indian populations there, they are today 
not only collected and consumed locally, 
but are marketed throughout the country 
in considerable quantity. So popular have 
pinon nuts become that unrestricted gath¬ 
ering threatens the reproduction and future 
abundance of the several pinon nut species. 

Wi th-modern shipp ing, storage, and-mar¬ 
keting methods*, wild fruits no longer have 
the importance to Americans that they had 
in pioneer times. Still, there is many an 
American today who will swear that no 
store-bought jelly is comparable to that 
made from wild crab apples, and that elder¬ 
berry wine, especially from elderberries 
collected by the brewer-consumer, has a 
hardy distinctiveness not to be matched by 
commercial beverages. Pawpaws, a relative 
of the famed tropical custard-apples, are a 
September treat to many a rural youth 
in the deciduous forest belt. Wild plums, 
mulberries, serviceberries, blackberries, and 
raspberries are all collected and sometimes 
maiketed, for fresh consumption and for 
use ' n jellies and pies. A thoroughly ripened 
persimmon is" an autumn treat; persim¬ 
mons, however, are not so widely consumed 
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as might be expected because of their dis- their use. But whether or not wild fruits 
agreeable astringency before they are fully have any appreciable food value in the diet 
ripe and their "bruised” appearance after of modern America, the recreational value 
ripening (and falling from the tree). The in their gathering and the sentiments as- 
superstition that they are not ripe until sociated with them from youth are beyond 
after a frost perhaps further diminishes measure. 
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CHAPTER 7 


Fibers 


✓ - 


What is a fiber? The word fiber may 
have a great many shades of meaning and 
degrees of inclusiveness, depending upon 
the particular sense in which it is used. 
''-'The Fiber-B otanically Speaking . Pre¬ 
vious chapters have described certain plant 
cells called fibers: sp ecifically, wo od fibe rs, 
common in h eavier wood s of the hardwood 
jype. Wflodjibers are important constitu¬ 
ents of wood, giving to it many of the 
mechanical and physical properties dis¬ 
cussed in Chapter 5. In every case, however, 
it was the mass of wood cdls, not the fibers 
alone, that was important(jn fact, th e word 
fiber is often use d very loosely to describ e 
any an d all cell s; for example, even paper 
"pulp derived "from softwoods, technically 
without fiber cells, is spoken of as consist¬ 
ing of fibers. Fiber cells, as considered 
distinc t from v essel, tra cheid , and paren¬ 
chyma cells in wood, are morphologically 
distinguished by their slender, tapering 
form, very thick walls, and usually simple 
pits (perforations) in the secondary wall. 
As identified by these criteria, fibers are 
in many cases also abundantly found in 
tissues other than wood (xylem), notably 


in pericycle, phloem, or even cortex.* They 
usually occur in groups or bundles and are 
closely cemented to one another, particu¬ 
larly at the fusiform tips which dovetail 
obliquely with the next (longitudinally) 
adjacent fiber. 

^The Fiber — Chemically Speaking. 
Chemically, the c ell wall of fib er cells c on- 
sists, as do most cell walls, of chiefly 
c ellulose, with percentag es of lignin s, hem i- 
celluloses, and occasional other jiubstan ces. 
Usually, however, the wall is more nearly 
p ure_cellulo se. unco ntaminated by d yes, 
t annins, resins , and other substances, and 
with lesser percentages of lignin than is 
common for most plant cells. Fibers are 
thus formed chiefly of carbon , hydrog en, 
and oxyge n, arranged in an unknown but 
unique fashion to form cellulose (C 0 H 10 - 
0 5 )„. Flax, hemp, and ramie have the cel¬ 
lulose largely associated with pectic ma¬ 
terials, while jute and the so-called "hard” 
fibers are more lignified. The high per¬ 
centage of cellulose in fibers correlates 
positively with such desirable characteris¬ 
tics as strength and durability. Likewise, 
low moisture content of the cell wall is 


. * ^‘ bcr cells ’ no mattcr from "'hai tissue derived, arc typically 1 to 250 nun lone onlv ihnm I/inn 
6/ 0 ° mm. wide, with walls frequently 1/100 nun. thick. Almost invariably Z arelad cdS nn u itv 
with an exceedingly narrow lumen (cavity where living protoplast had been). As with wood cells thev 


145 



] If) 


FIBERS 



Wca\in” Panama hais in ihc American tropics. 

I he libers, commercially speaking, are strands from 
leaves of the Panama hat palm. Carludovica / ml • 
mala. iComtc*s\ Chicago Natural History Museum.) 

usually indicative of physical superior¬ 
ity. 

Tiik Fibkr-Commercially Speaking. In 
commerce, "fibers" include practically all 
small, thin, slender fragments of many 
substances. There are fibers of mineral 
origin (asbestos, spun glass, and so on) and 
of animal origin (wool and other animal 
hair, silk, feathers, and so on), as well as 
the more important plant fibers. In the lat¬ 
ter category, anything from multicellular 
twigs and roots to unicellular seed or 
epidermal hairs may be called fibers in 
the trade. Dried Spanish moss, the husk of 
a coconut, the flowering stalk of broom- 
corn, the outer bark of many palms, all 
are marketed as fibers, in addition to the 
true botanical fibers. Subsequent paragraphs 
will make it clear that the fibers of com¬ 
merce may have exceedingly diverse origins, 
cellular composition, and microscopic mor¬ 
phology. 


Classification of fibers by origin and 
structure. Three important groupings of 
fibers, exclusive ol wood fibers, may be 
readily made, based upon the type of fiber 
and from what part and kind of plant it 
is derived. 

1. Sol r. Siiai —ok Ram Fikuiv Fibpvs 
jin the botanical sense of the term! found 
"rouped outside the xylem ip the mrtpv 
l ^hliicm mil pf*ri< \ < lfl.. ( l vn l_j :itc Ipm i ed 

stem or bast fibers , or, in the United States, 
soft fibers. None of these labels has much 
to recommend it, and all have on occasion 
fallen into disrepute. Fibers ol this category 
are developed by many dicotyledonous 
plants. The cells themselves are true botan¬ 
ical fibers. They are typically found grouped 
into clusters of several or of many cells, and 
the whole cluster may in some cases serve 
as the “fiber" in spinning. Each fiber cell 
is tenaciously cemented to the adjacent 
fibers by the pectic middle lamella. The 
strands so formed are very strong and dura¬ 
ble. For man's use, these fibers and bundles 
of fibers are ordinarily freed from other 
stem tissues by retting, a process utilizing 
the action of microorganisms in a suitably 
moist environment to rot the weaker cells. 
Retting may be accomplished under water, 
as, for example, in India where jute is 
immersed in ponds and rivers. In this case 
both aerobic and anaerobic organisms co¬ 
operate to dissolve away the cementing 
materials and free the fibers. Or dew retting 
may be practiced, as is done lor flax, where 
the cut stems of the plant are subjected to 
aerobic conditions by merely being left in 
the field where it was harvested until micro¬ 
bial activity, under the influence of moisture 
from nocturnal dews and logs and rains, 
serves to free the fibers. Many of the most 
important fibers (flax, ramie, hemp, jute, 
and the like) are ol the soft (stem, bast) type. 
They are typically very durable, able to 
withstand bleaching or other harsh treat¬ 


ment. 
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2. Hard, Leaf, or Structural Fibers. 
Fibers termed hard, leal, or structural are 
in reality strands ol small, short cells found 
in monocotyledonous plants. 1 hey consti¬ 
tute the supportive and conductive strands, 
principally in the leal (lew monocotyledons 
have conspicuous “woody" stems), and as 
such are botanically termed librovascular 
bundles. The librovascular bundles consist 
ol both xylem and phloem and various 
ensheathing cells, and are found more or 
less scattered through a weak pithy matrix 
of the leaf or stem. The cells are lignified 
to a greater or less degree, and hence are 
"hard" in comparison with the dicotyl¬ 
edonous “soft” fibers in which the cellulose 
is largely associated with pectic materials. 
'Lite whole librovascular bundle serves as a 
unit fiber. Such fibers are usually separated, 
not by retting, which would dissolve the 
cementing substances, freeing the then use¬ 
less small cells, but by being mechanically 
scraped free of the pithy matrix through 
which they are scattered. Hard fibers can¬ 
not ordinarily be bleached or chemically 
treated, and on the whole are less durable 
than soft fibers. Because the mechanical 
scraping to free the librovascular bundles 
must in large part be clone tediously by 
hand, hard fibers are grown almost exclu¬ 
sively in regions where cheap labor is 
available. Most of the important cordage 
fibers (viz., Manila hemp, sisal, New Zea¬ 
land hemp, Mauritius hemp, istle, and the 
like) fall into this category. 

3. Surface Fibers. The only other im¬ 
portant category of fibers besides hard and 
soft fibers (and, of course, wood fibers, pre¬ 
viously mentioned) is that of surface fibers 
(those borne on the surface of stems, leaves, 
fruits, seeds, and so on). The most important 


surface fibers are seed hairs, consisting of 
single-cell growths from the seed surface 
which are diurnally thickened by deposi¬ 
tion of nearly pure increments of cellulose. 
Quality of seed-hair liber is high. Separation 
of die fiber is by ginning,* or sometimes 
by hand pulling. The most important fiber 
in the world today, cotton, is a surface fiber 
whose use and commercial fate have 
strongly affected and will continue to affect 
the destiny of the world. No other surface 
fiber is of first-rank importance, although 
kapok lias for years been a standard stuffing 
fiber, particularly for life preservers. A 
wartime shortage of kapok led to the de¬ 
velopment of milkweed seed fibers as a 

substitute. Surface fibers may be derived 

* 

from any of a great diversity ol plants. 


Classification of fibers by use. Fibers 
are frequently classified according to the 
general use to which they are put. Aside 
from use for papermaking, a topic discussed 
in a previous chapter, a general grouping 
into four categories is commonly made. 

1. Ttemi.r Fibers. This qitponry in¬ 
cludes all fibers used for the manufact ure 


iil-f ahrirv The quajitr r,n fl f nr 

textile fabrics is usuall y high, with streng th, 
pliability, pleasant feel durability, and thp 
1 ikg ^all be ing of import™ jp tlrlfM milljir 
itsjuitabilityJor the m anufacture of m r 
ing. apparel, lace, canva 



used are principally cotton with lpssp t 
cpuajit ities of flax, j amip ami i^»»p 
c oarse fabrics of inferior quality, such as 
bunapTbagg ing, sacking._an d so o njute is 
the principal fiber- >uiili r pr t ~ 
i iantitiesjjf ^ft'-'p |i fni p nn,i •, 

of the harcTTibers also find ing some use. 


The principle of modern ginning is identical with that devised by Whitney in 1793 thoueh with 
innumerable mechanical improvements and refinements, of course. It involves the catching’of the surface 

frL a d b Z y fi ° t00lhed S u S ° r C ° mbS 3nd concomitam P ulli "g through slots too narrow for passage 
tm Itodi*orcomb” ” “ ““ ‘ 0r " tom "" S " 4 an<1 ■« brushM loo* or bio,™ 
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sot ter, m ore flexible libers are most de sir¬ 
able; consequentl y, soli fibers, espe cially 
jTt je" coTton. and hemp, but also lesser q uan¬ 
t ities ot flax ami several haul fibe rs, are 
used. Fo r rope .md^i indei I wine, liard fibcLs . 
p nnnpally abaca, sisal. New Zealand, and 
Mauritius he mps, bin also lesser quantit ies 
of cotton an d several soli fdieis. aie utiliz ed. 

3. Brush or Braiding Fours. A great 
variety ol miscellaneous twigs, leaves, barks, 
sifll ms, and true fibers may be utilized to 
ma ke In us j»‘s and hrnmns imd-^Tnotis 
brfiided articles such as hats, mats, bask ets, 
gsTarnTThcT 1 ikc / For brushes ii iliLbromus, 
flstlej nd sisal (harcljihcrs), p jassaia jsurfa ce 
li1ter*~ol palm leaTand stem), broomcorn 
(plant inllores(eiHe h_or a number ol kinds 
ol Twigs~iid otherlibersni.n he used . For 
Braided materials, all the hard fibers and 
various grasses, leaves, sectioned stems, and 


l ard fibers, jute. Spanish moss, and locally 
iiunimerablc grasses an d other materials. 

ipal caulks. 


niy m 

tnu- hum (lilu-l-, lt) n shrill lo r spinning) are 
p erhaps tlie^hiel reinlon i ng lihtnv 

History of fiber utilisation. The story 
of the earliest use ol fiber by man is lost in 
the dim obscurity of prehistoric times. Very 
early man must have turned to plant fibers 
as a source of lighter, cooler, and more 
flexible clothing than that afforded by 
animal hides. For his bows, snares, and 
nets, cordage, best furnished by vegetable 
fibers, was a necessity. Primitive man doubt¬ 
less also utilized various plant fibers in the 
erection ol dwellings-for binding, strength¬ 
ening, and thatching. Thus, long before a 
written language was devised, most ol the 
important fiber plants had been domestic¬ 
ated, for by historical times a diversity of 
fibers lor many uses were in the service of 
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mankind. Swiss Lake Dwellers of 8000 b. c. 
grew and wove flax, perhaps the earliest 
fiber of prominence and long the principal 
one. Ancient Egyptians 70 centuries before 
the birth of Christ used Hax as well as 
papyrus. Authentic records show that the 
Chinese of 2000 b.c. cultivated hemp: and 
cotton cloth is recorded to have been used 
in India 3,000 years ago. According to 
Herodotus (145 b.c:.). the clothing of Xerxes' 
army was of cotton: by that time spinning 
and weaving were highly developed. 1‘re- 
Columbus American Indians also had spe¬ 
cies of cotton at their disposal. 

The weaving of fabrics involves first the 
spinning of yarn. Originally, spinning must 
have been clone entirely by hand (as it still 
is today in a few very out-of-the-way places), 
by straightening and thinning the masses 
of fibers between the fingers and then twist¬ 
ing them into yarn between thumb and 
fingers. Yarn is a continuous thread of 
twisted, interlocking fiber strands. Soon 
mechanical means of spinning yarn were 
developed. First there must have come, in 
prehistoric times, the simple distaff and 
spindle. The distaff consisted of a short 
stick, one end of which bore loosely wrap¬ 
ped fiber, the other end of which was 
tucked beneath the arm to free the hands. 
One hand of the spinner drew and thinned 
the fiber from the distaff: the other revolved 
the spindle, to which the thinned yarn was 
drawn, twisted, and wrapped. This spindle, 
simply formed from a round stick of wood 
about a foot long, was revolved (to twist 
the yarn) by pushing by hand against the 
leg and thigh of the operator. So funda¬ 
mental is this principle of spinning, es¬ 
tablished in ancient times, that modern 
power spinning machines still follow it. 

An improvement over the distaff and 
spindle system was the invention, also made 
in ancient times, of the spinning wheel. In 
the spinnin g wheel, a band or belt from a 

•East African Agricultural feunnal, Vol. 15 (195' 


hand wheel serves to rotate a spindle 
mounted horizontally in the frame, elimi- 

J 

Dating the difficult lotation of the spindle 
between palm and thigh. The spinning 
wheel remained the standard means ol 
spinning until the eighteenth century. 
Then, with the heavy demand for threads, 
laces, bags, sails, ropes, and twines, sev¬ 
eral inventions were made which revolu¬ 
tionized the textile industry. Drawing rolls 
and pins were devised for straightening and 
thinning the fiber previously attenuated 
by hand: multiple spindles were introduced; 
and the whole spinning-weaving process 
came to be performed by elaborate ma¬ 
chines, mechanically powered, of ever in¬ 
creasing efficiency. The only fibers generally 
utilized in the early spinning and weaving 
machines were flax and hemp, grown prin¬ 
cipally in Europe. Later, slave labor in 
America and invention of the cotton gin 
brought cotton to the fore: enlargement of 
Indian commerce made cheap jute generally 
available; and in the early 1800’s abaca 
from the Philippines showed its superiority 
over hemp and flax for cordage. The latest 
chapter in the history of fibers sees syn¬ 
thetic fibers—rayon, nylon, orlon, and so 
on-invading the field, so that today only 
cotton outranks the synthetics in cominer-, 
cial importance. 

Well-known fibers. It is obviously im¬ 
possible to devote space here to individ¬ 
ual discussion of all commercial fibers, 
which may number several hundred. Green¬ 
way,* for example, lists 352 fiber plants in 
use for a multiplicity of purposes in East 
Africa alone. Instead, a few of the more 
important kinds will be given some atten¬ 
tion, and the others mentioned only briefly.* 
Several important fibers to be discussed are 
ranked for various characteristics in Table 
13. 

. pp. 146-49. 
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Tabic 13 

Comparative Ranking of Five Leading Hard Fibers 
and Four Leading Soft Fibers 

(Surface fiber, cotton not included) 9 


Characteristic 


Rank 

* 4 5 


Cordage or Hard Fibers 


Durability . 

Abaca 

1 

Sisal 

Istlc 

New Zealand 

Mauritius 

T ensile strength of strands 

Abaca 

Sisal 

New Zealand 

Istlc 

Mauritius 

Length of strands . 

Abaca 

Mauritius 

New Zealand 

Sisal 

Istlc 

Fineness . 

New Zealand 

Mauritius 

Abaca 

Sisal 

Istlc 

Uniformity . 

New Zealand 

Mauritius 

Abaca 

Sisal 

Istlc 

Pliability . 

Mauritius 

New Zealand 

Abaca 

Sisal 

Istlc 

All characteristics. 

Abaca 

Sisal 

New Zealand 

Mauritius 

Istlc 


Textile or Soft Fibers 



Durability . 

Ramie 

Flax j 

Hemp 

Jute 


Tensile strength. 

Ramie 

Hemp 

Flax 

jute 


Length of fiber cell. 

Ramie 

Flax 

Hemp 

Jute 


Cohesiveness . 

Flax 

Hemp 

Jute 

Ramie 


Fineness . 

Ramie 

Flax 

Hemp 

Jute 


Uniformity. 

Flax 

Ramie 

Hemp 

Jute 


Pliability . 

Flax 

Ramie 

Jute 

Hemp 


Color. 

Ramie 

Flax 

Hemp 

Jute 


All characteristics. 

Flax 

Ramie 

Hemp 

Jute 



* Taken from L. Wcindling, Long Vegetable Fibers. New York: Columbia University Tress. 1947. Table 2 . 




. Cotton. By all odds, the most im¬ 
portant fiber in the world today is cotton, 
which is derived from the seed hairs of 
several species of Gossypium, native to both 
the Old and the New World. It has al¬ 
ready been said that cotton fabrics scores 
of centuries old are known from India, and 
the Vegetable Lamb * of ancient supersti¬ 
tion may well have been cotton. In modern 
commerce about 30 million bales of cotton 
are marketed annually; and foe every 500- 
lb. bale of cotton, 900 lbs. of seed become 
available to furnish oil and fodder cake 
(Chapter 13) and some 70 to 95 lbs. of 


lintersf for making nitrocellulose and rayon. 
But in spite of the utility of cottonseed and 
linters, Gossypium has always been culti¬ 
vated primarily for the seed hairs or lint. 

-The delicate seed hairs consist of'a single 
V cell 1,000 to 6,000 times as long as it is 
wide, with a narrow lumen the length of 
it. The seed hairs first attain maximum 
length, then increase daily in cell wall 
thickness. Wall thickness and hence fiber 
quality is partially influenced during this 
period by weather or growing conditions. 
Final structural composition of the wall is 
indicated in the accompanying diagram. In 


• The mysterious Vegetable Lamb or Zoophyte is pictured in old herbals as a lamb growing from the 
soil on a stalk or stem. It was believed that "plant wool" from exotic portions of the world brought back 

hv intrepid explorers came from the Vegetable Lamb. . ' 

+ Cotton linters arc the short fragments of seed hairs remaining on the seed after ginning. These ate 
(hi 0 g i„ special machines to yield exceedingly pure cellulose for making rayon, plastics, pholograpnic 

film, guncotton, paper, and so on. 
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The cotton plant, source of the world’s most im¬ 
portant fiber. (Photograph from a model in the 
Chicago Natural History Museum.) 


one pound of cotton there are some 90 mil¬ 
lion seed hairs. As the seed ripens, the 
drying hair collapses into a twisted filament 
of nearly pure cellulose. Because of the 
marked cohesiveness created by such twist¬ 
ing, plus surprising durability, strength, 
and pliability, these seed hairs lend them¬ 
selves extremely well to spinning—so well, 
in fact, that cotton provides more clothes 
and cloth for man than all other textiles 
combined. 

Cotton is derived from a few of the 



Telescopic and cross-set liema I diagrams of cotton 
fiber illustrating: I. the primary wall. 2. the first 
layer of secondary thickening. the succeeding 
layers ol the secondary thickening making up the 
mechanical part of the fiber. 1. the inner layer of 
the secondary thickening, and 5. the lumen of the 
fiber with the residue of protoplasm. (Courtesy 
Anderson, Clayton and Co.) 


twenty species of the genus Gassyj)iurn, of 
the Malvaceae. The majority of these spe¬ 
cies, known only in the wild state, are 
lintless or without long hairs, and will not 
effect fertile crosses with the cultivated 
varieties. Of the cultivated species. G. ar- 
boreum and G. herbaceum are the chief 
Asiatic species, being extremely widespread, 
with a chromosome complement of n=13. 
The important New World species under 
cultivation are polyploid, »=26, including 
G. barbadense (Brazilian perennial forms 
and the famed sea island cotton introduced 
into Carolina) and G. hirsutum (the usual 
upland cottons of Central and North Amer¬ 
ica). Various forms and varieties of these 
species exhibit great variation, so that there 
exists a confusing pattern of man-selected 
cottons, many of which at times have been 


,>uJV4 



UNT FIBER INITIALS 



FUZZ FIBER INITIALS 


CHALAZAL CAP 


LINT FIBERS 


LINT FIBER INITIALS 


Diagrams of young cotton seed, showing development of lint fibers from lint 
fiber initials and development of fuzz fibers after lint matures. (Courtesy Ander¬ 
son, Clayton and Co.) ' ' 
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Enlarged photomicrograph showing lint fiber 
initials as they appear on the surface of the cotton 
seed the first day. (Courtesy A. G. Lang.) 


regarded as species. Suffice it to say here 
that the chief cotton of the world’s greatest 
producing area, the southern United States, 
is the multiform G. hirsutum, of which the 
named varieties exhibit no significant ge- 


netical difference; the names arc derived 
largely from differing shapes of the boll. 

Since the early days of the Republic, the 
United States has been the world's leading 
producer of cotton, furnishing annually in 
recent times some 10-16 million bales, pro¬ 
duced entirely in the southern third of the 
country. Once the only important export 
crop of the Deep South, cotton has there 
exhausted much of the soil under repeated 
cultivation. This soil exhaustion, together 
with the passing of slavery, caused produc¬ 
tion to shift westward, until today more 
than half of the cotton produced in this 
country comes from lands west of the Mis¬ 
sissippi, often under irrigation. To be grown 
commercially, cotton needs a long frost- 
free growing season (many tropical cottons 
-e.g., those of Brazil-are perennial), mod¬ 
erately abundant moisture, and ample 
cheap labor.* The vast stretches of India, 



The Sea Island fiber, one of the three major types of cotton. Egyptian and 
Ameiican-Egyplian belong to this type. The inset shows a cross-section of the 
fibers. (Courtesy Anderson, Clayton and Co.) 


• Attempts at mechanical planting, thinning, and picking of cotton have only in recent years shown 
success. Most of the world's cotton is still picked by hand, even in sections of mechanized North Amenca. 




The Asiatic, a coarse, wool-like fibet anil (inset) its cross-section. (Courtesy Ander¬ 
son, Clayton and Co.) 



American upland type of fiber and (inset) its cross section. Courtesy Anderson, 

Clayton and Co.) 
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the leading cotton country for 3,000 years, 
and of Russia, embrace such suitable en¬ 
vironments. so that these two countries are 
normally the United States' chief rivals 
in cotton production, each as a rule market¬ 
ing in excess of I milion bales annually. 
Brazil is almost equally important born 
both production and quality standpoints, 
harvesting almost 3 million bales of good 
quality cotton annually. China and Egypt 
lollow, with a somewhat smaller production. 
Total world production in 1950 was in 
excess of 30 million bales. 

In North America (1. hi nut inn is grown 
as an annual, being planted from March I 
to June I and harvested in earlv autumn. 

I he plant grows about 2 It. tall, and de¬ 
velops main side branches which progres¬ 
sively bear from the base outward large 
yellow flowers that turn orange the second 
day. Large seed capsules, the bolls, mature 
Irorn the llowers, splitting in maturity to 
reveal many seeds, each with its mass of 


Mechanical picking of defoliated cotton in Texas, 
it ointcsv Icx.is Agricultural l-'x pci intent Siatiimj 

cellulosic seed hairs Iti to 21 microns wide 
and up to 2 in. long (in Sea Island types; 
staple length in typical upland cottons 
averages only little more than an inch). 
Approximate percentages by weight of all 
the plant parts are as follows:* roots, 9 
per cent: stems, 23 per cent: leaves, 20 per 
cent: capsule husks. I I per cent: seed. 23 
per cent: lint, 11 per cent. 

In the United States cotton is seeded with 
the usual type of mechanical drill, ideally 
at no more than 12 inches apart in the row. 
Fertilizer may be mechanically applied in 
the same operation. Formerly, thinning and 
cultivation were accomplished entirely bv 
hand, as they still are in many foreign re¬ 
gions with cheap labor. In modern America, 
tractor-drawn cultivators, flame throwers, 
and chemical herbicides typically serve to 
keep weeds under control. Various ma¬ 
chines are likewise available lor applying 


• figures adapted from H. II. Brown, Cotton (New Work: McGraw-Hill, 1927). 
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insecticides. If the cotton is to be mechan¬ 
ically stripped, a defoliant, usually calcium 
cyanatnide, is applied shortly before harvest 
to prevent the unwanted leaves from being 
harvested with the bolls. A stripper for 
harvesting was patented as early as 1871, 
but has come into general use, in an im¬ 
proved form, only in recent years. Selected 
strains of cotton, such as the “storm re¬ 
sistant" type, which hold their bolls 
tenaciously, are best suited to stripping. 
Likewise invented almost a century ago, but 
only recently perfected, is a mechanical 
picker. The picker differs from the stripper 
in having barbed spindles which pull the 
cotton from the husk as is done in hand 
picking instead of removing the entire boll. 
On the whole, mechanical picking yields 
cotton as clean and of as good quality as 
does the traditional hand picking, and, of 
course, at a tremendous saving in an Amer¬ 
ica of high labor costs. Even with mechani¬ 
cal picking or stripping, however, it is 
doubtful whether United States production 
can continue to hold its own on world mar¬ 
kets in peace time. It only did so after 
World War II by virtue of an unparalleled 
government subsidy. And yet the United 
States produces a third more cotton than 
it consumes. Suffice it to say that many 
cultural features are necessary to insure 
maximum efficiency in growing and harvest¬ 
ing cotton at the least possible cost; further 
discussion of these is not possible here. 

After harvest, cotton is brought to the 
gin. In ginning, rotating serrated disks 
catch the lint, pulling it through narrow 
slits through which the seeds cannot pass. 
A series of brushes, rotating in the same 
direction (where they meet) as the disks, 
but at a much faster speed, serve to sweep 
the fibers from the teeth of the disk. These 
are then blown to a convenient storage 
place and are eventually baled under heavy 
compression by special presses. The bales, 
traditionally wrapped not in cotton but 


strangely enough in jute, are the basic 
market item ol cotton commerce, upon 
which the trading (“spot." delivered bales; 
and "futures," contracts for future delivery) 
ol the large cotton exchanges depends. 
Samples from bales are examined by gra¬ 
ders, men experienced in the buying of 
cotton, who pass judgment on its quality 
(cleanliness, staple length, color, and so 
on). A great many named grades have been 
established, many of which, however, are 
superfluous and largely meaningless even 
to the graders themselves. 

Cotton purchased for making fabrics next 
goes to the mill, where a series of beaters 
and “pickers" (luffs the fiber and largely 
frees it ol any foreign particles. The fiber 
must then be carded, combed, and drawn, 
a sequence of operations accomplished 
mostly by a series of barbed cylinders into 
which the fiber is fed. Without entering 
into details, we may say that the process 
basically involves having each cylinder 
rotate at a slightly higher speed than the 
preceding one, thus drawing out and thin¬ 
ning the cotton. It has been calculated that 
in the milling process one inch of original 
cotton is drawn out to a length of 183,272 
miles. A final combing assures parallel 
orientation of the fibers and nearly uniform 
staple length. (For machine spinning, cot¬ 
tons of markedly different staple cannot be 
mixed.) Slivers of the prepared fiber are 
then twisted (spun) into yarn and thread, 
as has been described. The uses of cotton 
thereafter are legion. A few of die more 
important include: textile fabrics, automo¬ 
bile tire cord, plastic reinforcing, carpeting, 
and cordage. Active research to improve 
the utility of cotton is being pursued, look¬ 
ing toward flameproof and weather-resistant 
textiles; greater dye brilliance and fastness; 
better warmth and luster; greater resistance 
to soiling, heat, chemicals, and creasing; 
better mercerization, impregnation, and 
resin-bonding properties; improved elas* 




tt§ 


■imp 


\ coiion packet boat of the 1800's. (Courtesy Chicago Natural History Museum.) 


ticity and draping qualities; better adapta¬ 
tion to certain kinds ol blending, weaving, 
or chemical alteration; and so forth. 

In certain cases, as in that of cotton for 
tire cord, the geneticist has been called in 
to breed a strain of cotton to specification, 
with the result that greatly improved ser¬ 
vice for the particular use was obtained. In 
fact, since the early introduction of cotton 
into the southern United States (in 1607), 
selection has improved the species remark¬ 
ably. For one thing, average staple length 
has been increased about 50 per cent, and 
various disease-resistant forms have been 
developed. Sea island cotton, introduced in 
17 KH, gave promise of yielding a superior 
lint, but the boll weevil, introduced from 
Mexico just prior to the turn of this cen¬ 
tury, is particularly troublesome with that 
spec ies. As yet no strain of Sea Island cotton 
resistant to the boll weevil has been devel¬ 


oped. In Brazil, government breeding pro¬ 
grams and regulation of seed sold for 
planting have in a very short time dec eloped 
superior cotton in quantity. Brazilian cot¬ 
ton commands the same premium on the 
European market as do the finest grades of 
United States varieties. 

Cotton has had a profound influence 
upon the lives of all peoples. In the United 
States it brought about a one-crop economy 
for the South that has repeatedly led to 
economic disaster and the ruination of 
much good land. Many of the social ills 
and problems of the South today can be 
attributed to King Cotton and his demands. 
Colton for the mills ol England, perhaps 
more than respect for a new nation, caused 
Britain to defer to the Monroe Doctrine; 
and certainly the sale of cotton goods to the 
large Indian and African markets dictated 
Britain’s policy of dominating the sea lanes 
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ol the world. Brazil, Egypt, and India have 
used cotton exports to ollset in part an 
unfavorable import balance of manufac¬ 
tured articles. Britain and Japan prior to 
World War II depended and still depend 
upon imports ol cotton to sustain a large 
segment of their economy. The large cotton 
manufacturing industry of the United 
States, second only to that of Britain, 
utilizes mostly domestic cotton, but indus¬ 
trialized Europe buys heavily of cotton on 
the world markets. Cotton will doubtless 
remain the premier fiber plant for years to 
come. 

Historically, cotton suddenly came into 
world prominence and soon superseded 
flax and wool because of the coincidental 
development of the cotton gin and the 
mechanization of textile production during 


-all augur well for continuing future for 
the cotton goods industry. 

JZ Flax. It has already been mentioned 
that flax fiber, from two varieties of Linum 
usitatissimum, of the Linaceae, was one of 
the first fibers extensively utilized by man. 
Mummies dating back 4,000 years have been 
found in Egypt, wrapped in linen, and flax 
traces have been discovered among Swiss 
Lake Dwelling artifacts. Evidently, this 
original use of flax died out in Europe be¬ 
fore historic times, but the useful fiber was 
early reintroduced from the Near East, and 
ultimately spread throughout the Roman 
Empire. Although experiencing variable 
popularity, it became definitely established 
during the Middle Ages as the most com¬ 
monly used textile material of Europe, with 
the nucleus of modern flax culture and fine 


the Industrial Revolution. It became pos- linen fabrication centering in the vicinity 
sible to produce cott'on, which was readily of what is now Belgium. Up to the nine- 
adaptable to early mechanization, more teenth century, when cotton suddenly came 
cheaply and abundantly than any of the to the fore, flax remained the leading and 
competing fibers. This is an old industrial perhaps most universal fiber, at least in 
story—a story of costs, not inherent superi- l ^ ie Western world. 

ority of a raw material-dictating the course * oday, in comparison with cotton, wool, 
of an industry. Thus cotton, a rather useless synthetic fibers, or even jute, flax is of 
seed hair is suddenly made valuable by a relatively minor importance. Yet for some 

new process of manufacture. But the cotton^ 1 * higlwtaualiiMskr^ and certain 

. . . ., 'it products such as firehose, flax fiber 

industry, now in middle age, has been 1 1 . ---:— 

~-rr— . . i ri i has never had a serious rival. It remains to- 

challenged by synthetic fibers and even . 

b , 7 / . . ... XT day one of the two soft fibers that are still 

more by changing social conditions. No the United States< in spite of 

longer can the cotton in the .South support ^ hj . labor costs that have for the most 

both tenant and landlord, as a six-months ^ eUminaled commerci al growing of 

crop providing employment only from fiber$ jn temperate North America. The 

March through July and September q Uant jti es p roduced, however, are not large 

through November. On the other hand, the _i ess than two thou sand tons annually; a nd 

demand for cottonseed oil, mechanical t j ie United States imports yearly several * 

means of harvesting, newer strains of cotton t imes as much flax as is domestically pro- , 

yielding more seed for protein as well as duce d. It constitutes the country’s sixth 

oil and more linters for making rayon, largest (weightbasis) fiber import. The 

improved finishing of cotton with resins, Puget Sound area of the Northwest is the 

use of cotton in disposable tissues, and chief producing area in this country, and 

diemurgic utilization of stems and burrs one where numerous cost-saving innovations 

for furfural and other conversion products in an age-old industry have been tried. In 
































































Machine pulling and binding of flax in the Wil¬ 
lamette Valiev, Oregon. (Courtesy Economic Ilot • 
any.) 


recent decades, most filter llax, more than during cultivation, so that flax is usually 
three-fourths ol the world's annual total, grown lor either the one or the other pur- 
lias been produced in Russia and Russian- pose, not for both. Flax grown to yield 
controlled Baltic States, although the plant- linseed oil will be discussed in the chapter 
ing ol llax was introduced there only three devoted to oils; suffice it to say here that 
hundred years ago. Large land areas with the fibrous stem left after seed harvest, 
suitable climate and comparatively cheap although normally yielding an inferior flax 
labor have been the main factors in shift- fiber, is not without commercial value. For 
ing the center ol flax culture from western example, manufacturers of pap er for ciga- 
Europe to Russia. Holland and Belgium, as rette wrappings Ire increatfTTgtf using This 
well as Russia, continue to export llax. fiber in preference to the European flax 
chiefly to Ireland, where the largest number formerly imported into the United States, 
of spindles in any country aie to be found. Cigarette paper must be notably free fro m 
Flax i> grown in modern times for two ailfresinous or other substance that might 
entirely diffeient purposes: (I) l or fiber, and yield odor or taste upon burning. The bast 
(2) for seed. Special strains of the species fiber of flax, consisting of comparatively 
are utilizetfl'or each of these purposes, and pure cellulose, serves admirably for this 
different spacing requirements are desirable purpose. Other fibers, such as milkweed 




I;inks for rolling lla\ in Oicgnn. M;iii is losling Moms l>\ bio.ikinj; lo «k*lciiiiinr 
"end point" of retting, i(ouitcs\ lunmnnit llntmiv.) 


or dogI miic bast, would serve equally well, 
but these have never been produced in 
quantity at a competing price. On the other 
hand, strains ol flax grown lor the solt 
liber are spaced very closely to produce 
long, slender stems without branches, at the 
expense of flowers and fruits, and may be 
harvested prior to lull maturation of the 
seed. Some seed is produced, but it is of 
secondary importance lo the fiber. 

Flax for liber is typically grown in cool, 
moist (summer) climates, ideally those with 
a short dry season for maturing the crop just 
prior to harvest. Good, porous soils are 
desirable, and the crop is typically rotated 
witli other commercial plantings. Seeding 
is done as early as the soil can be worked, in 


order to encourage slow, even germination 
and growth belore any hot weathei might 

cause undue succulence. Usually 70 to 100 

«.. • 

days are required to mature the crop. Plant¬ 
ing and cultivation are coining to lie done 
by machine moreand more, lor llax as a 
libci ciop lends itscll well to mechanical 
drilling, cultivation, and harvest. Hxcept 
where labor costs prevent, harvest is usually 
by pulling rather than by cutting, in order 
to prevent undue shortening ol the fibrous 
stem. As many adjacent plants as can be 
conveniently grasped are simply yanked 
born the soil, root and all; machines able 
to accomplish this task have been invented. 
1,1,1 as >' el most llax is pulled by hand. 
Harvested llax is ordinarily dried in the 
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field, to facilitate removal of seeds and 
t'liair, after which it undergoes retting and 
scinching operations. Under optimum con¬ 
ditions. yields may occasionally he as high 
as 1,000 lbs. of scutched fiber per acre. 

Retting is usually either “dew retting," 
in which the stems are simply left in the 
field for two to five weeks while the softer 
tissues decay, or "cold water retting,” in 

which thev are immersed for one or two 

/ 

weeks, originally in ponds or rivers, but 
more recently in tanks of water, often at 
controlled temperatures. Sometimes retting 
in snow or under other conditions ^prac¬ 
ticed. On the whole, controlled tank retting 
produces a fiber superior to that produced 
by other methods, and in as little as three 
days’ time. After retting has loosened the 
tissue, the stem is dried an d subjecte d to a 
treatment known as scutching. Scutching 
consists of feeding the dried, retied flax to 
pairs of fluted rolls, which partially crush 
and break the woody core or “boon" of the 
stem. In subsequent treatment ("beating," 
usually in revolving drums), this fragmented 
center is shaken loose from the bark. Shorter 
fibers and fragments ol fibers separated 
during the scutching process are recovered 
and marketed as "scutching tow" for use 
in coarse fabrics and ropes. 

The commercial flax fibers occur in the 
b ark—i .e., they are b ast fib ers, in the sense 
in which that rather discredited term is 
ordinarily used. They are found in groups 
or bundles with diameters of up to /> mm., 
each consisting of a number of fiber cells 
themselves only about y U) „ nun. in diame¬ 
ter. The whole bundle appears as a fiber 
from 1 to 3 ft. long after scutching, and is 
known as "line" fiber; the individual fiber 
cells range from % to 2 in. in length. 
Properly retted flax fibers are cream or 
yellowish; overretted fillers are generally 
dark. The filler is remarka bly flexi ble, 
tough, lustrous, strong, and durable-supe¬ 
rior to cotton in these respects. So thick is 


the secondary wall that little or no lumen 
remains. The cell wall is largely cellulosic 
(about 90 per cent cellulose)7~contaIiTing 
only 2 to 5 per cent of lignin and pectic 
materials. The fibers absorb moisture, up 
to 20 per cent of their weight, readily (and 
so ol course dry readily as well), and are 
stronger wet than dry. These characteristics 
are partly responsible for linen's utility as 
towelling and table fabrics. 

After baling and gradin g, scu tched fiber 
goes through much the same manufacturing 
processes as most other fibers. A complicated 
series of carding, combin gs, or hac k lings 
serves further to clean, make parallel, and 
draw the fibers to an extremely attenuated 
form. Such attenuated “slivers," first slightly 
twisted into “rove," are spun into yarns, the 
quality and twist of which largely determine 
the characteristics of the products woven 
from them. Spinning may be done by 
either the "wet" or the "dry" method, and 
may utilize either selected long fibers ("long 
line"), or shorter tow fibers separated during 
processing ("short line"). In wet spinning, 
the fiber is first drawn through warm water, 
which softens the cementing substance be¬ 
tween cells, thus permitting further attenua¬ 
tion. Best-quality yarn is made by wet¬ 
spinning “long line" fiber, a method almost 
invariably practiced in Ireland and France. 
Dry spinning involves lesser final attenua¬ 
tion, and is the general practice in the 
mills of Scotland, and also utilizes "long 
line" fiber. Whether wet-spun or dry-spun, 
the yarn, after thorough drying, is twisted 
(cabled) int o thre ad; orjf to be woven, is 
sent to the looms. Frequently, yarn is 
bleached or even dyed before weaving. The 
finest cloth and lace are still woven by hand, 
but the great bulk of linen manufacture is 
performed by massive, complicated power 
looms. The leading spinning countries are 
the United Kingdom (particularly Northern 
Ireland), France, Russia, Bejgium_an4 a 
few Central European countries. A small 



FIBERS 


163 



Shocks of unrolled hemp on farm in Kentucky. T hese will he spread in early 
winter to dew-rel. tCourtesy Economic Ilotony.) 


amount of spinning is done in the United 
States, chiefly in the vicinity of New York 
City. Spun and woven products made of 
flax enjoy a world wide market. Linen 
threads are in deman d, because of their 
strength, for tailoring,_dioeniaking, manu¬ 
facture of fishing lines and nets, and the 
like. Yarns are employed in carpe t manu- 
facture, firehose production, and, of course, 
for embroideries, fine lace, and many kinds 

of fabrics. 

—————«• 

3. Hemp^ Hemp, another fiber plant 
known from very ancient times, is historic¬ 
ally and commercially similar to flax in 
many ways, and often interchangeable with 
it in ultimate use. I he Chinese are known 
to have cultivated hemp, Catnwbis sativa, 
of the Moraceae, more than 4,500 years ago, 
and it was utilized for'"weaving in Greece 
centuries before the time of Christ. Hemp 
is apparently native to Asia, but was 
grown in western Europe during the Middle 


Ages, more for its seeds, utilized for food, 
than for its fiber. The same hemp plant 
which yields both an important bast fiber 
and an edible or oil seed (commonly used 
in this country in biulseed mixtures) is also 
the source of marijuana, or hashish, and so 
is sometimes sensationally termed the “weed 
with roots in ruin.” In order to control 
marijuana commerce, the United States 
government requires a special license to buy 
seed and to grow and market hemp in this 
country. The source of marijuana alkaloids, 
which have a hypnotic and hallucinating 
effect, is a resinous secretion from foliage 
and inflorescence; the subject will be further 
discussed in Chapter 12. 

Hemp is one of the two soft fibers (the 
other being flax) still grown in the United 
States in minor commercial quantities. A 
number of strains or “varieties” suitable for 
fiber production are known, but best-quality 
strains for fiber come from Chinese seed 
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Hemp, after having been crushed in a break, being cleaned by beating and brush¬ 
ing in a scutcher. (Courtesy Economic Botany.) 


introduced into the Western world in recent 
centuries. Hemp will grow well in the 
climates of the Midwest, and give yields 
per acre about double those of flax, but 
culture, unfortunately, requires consider¬ 
able labor. Fertile soils and 30 to 35 inches 
of annual rainfall are vital for high hemp 
yields; undue hot weather produces lower 
yields of poor-quality fiber. The plant may 
be drill-seeded, at a depth of about a half 
inch, and mechanically cultivated and cut. 
For fiber purposes sowing is quite dense, to 
inhibit branching. Seeding takes place about 
May 15 in Wisconsin, and approximately 
120 days are required to mature stems for 
fiber. Stems should be cut immediately 
upon flowering, in order to obtain maxi¬ 
mum strength and flexibility of fibers. After 
harvest, the shocks, il planted for seed, 
may be flailed over squares of canvas. If 
grown for fiber, the stems are typically left 
to dew-ret in the fields for three to eight 


weeks (in Russia and the United States); 
less commonly they are retted in water 
(particularly in Italy). Overretting must be 
avoided, for it causes weakness in the fiber 
bundles (bacterial dissolving of cementing 
pectic substances), giving a high percentage 
of the short tow fibers in comparison to 
the more valuable line fibers. Retted stems 
are bound and then scutched in much the 
same way as flax, largely-except in the 
United States-by hand. Grading and 
further processing—cleaning, brushing, and 
combing-are essentially the same as for 
other fibers. Yields are as high as 850 lbs. of 
dry fiber per acre. 

r The hemp plant ordinarily grows 5 to 8 
lit. tall and has handsome palmately com- 
fpound leaves. It is dioecious—i.e., has sepa¬ 
rate male and female plants. As in most 
bast fiber plants, the angular stem has a 
conspicuous pith surrounded by a thin cyl¬ 
inder of wood; outside of this is the com- 
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mercially valuable bark containing the bast 
libers. 'Hie stem is usually 1 to 1.5 cm. in 
diameter. Not infrequently, hemp is found 
as an escape weed in many sections ol the 
country and the world. 

Hemp fiber is very similar to that of 
flax. It occurs, as does flax, in bundles of 
cells, ordinarily 3 to 6 ft. long, though some¬ 
times reaching 15 ft. in length, and little 
more than 1 mm. wide. Individual cells, 
botanically true fibers, are typically less 
than 5 cm. long and about y 40 mm. wide. 
The thick secondary wall consists largely 
of cellulose, although more lignin and pec- 
tic materials are present than in flax fiber. 
The cells have great strength and dur ability, 
but because of their modest lignin content 
are less flexible and elastic than is flax. In 
most of the world, hemp has been displaced 
in its original uses by other fibers: cotton 
and wool make finer, more comfortable 
garments than does "homespun”; abaca 
has proved to be lighter and more resistant 
for marine cordage; hard fibers have become 
a cheaper source for ordinary cordage; and 
jute has largely displaced hemp for coarse 
sacking and carpet yarn. 

Hemp still finds some use for cordage 
(twines and rope), coarse fabrics, thread, 
caipet warps, and oakum (from tow), often 
.in mixture with flax or hard fiber. Histori¬ 
cally, hemp helped along its own downfall 
in the New World economy. The colonists 
brought hemp seed with them to America, 
and it was extensively grown for homespun 
cloth and for the ropes and caulk (oakum) 
that kept Yankee bottoms plying the seas. 
But these same clipper ships soon brought 
to America the cheaper fibers of the Far 
East, in competition with which hemp 
gradually diminished in importance in the 
rapidly growing United States. In the world 
as a whole, hemp has always been grown in 
scattered localities in both temperate and 
subtropical climates (in the latter, primarily 
for seed). In Europe, especially, but also in 



The Ramie plant, source of the "wonder fiber." 
(Courtesy Missouri Botanical Garden.) 


the Far East, the plant is grown for its 
fiber. World production is slightly in excess 
of a billion pounds annually, most of it 
(three-fourths of the world total) coming 
from Russia, Poland, and Italy. Russia is 
the largest consumer of hemp fiber, and 
Italy the largest exporter, as well as pro¬ 
ducer of the finest-quality fiber. In the 
United States, Wisconsin is the leading 
producer, although ordinarily devoting less 
than 10,000 acres to hemp. Under the 
emergency conditions created by the cutting- 
off of fiber supplies from the Far East dur¬ 
ing the second World War, 150,000 acres 
were planted (in 1943) in several states. 
Kentucky is the leading state in the pro¬ 
duction of hemp seed. 

4. Ramie. Ramie or "China grass" has 
long been one of the most promising of 
fibei plants—but as yet has never lived up 
to its promise. The chief difficulty has been 
inability to extract the fiber easily from 
the gummy ensheathing cells and to devise 
mechanical methods for doing so. Yet the 
fiber itself is in most ways superior to^all 
other natural fibers, being^Iglu times 
stronger than cotton and four times sponger 
thanjlax. Because of the promise ramie 
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holds 1 01 the future, with improved process¬ 
ing methods, it is worthy of discussion, even 
though it is of comparatively little com¬ 
mercial value at the moment. 

Ramie fiber comes from a nettle-like, 
shrubby plant, BjjfhuHiua- tiivea (and its 
variety tenacissima, called rhea), of the 
•Urticaceae. Its slender stems, bearing along 
the terminal third of the stalk cordate leaves 
that are often whitish below, become (> to 
S It. long and 12 to 20 nun. thick at the base. 
The plant, presumably native to China and 
Formosa, has been cultivated in Asia for 
centuries, and was probably also known 
in ancient Egypt. It was tried out in Europe 
several times without success; in 1855 it 
was introduced into the United States. Since 
then it has been grown in the Gulf region, 
but only recently has it been cultivated 
intensively, in Florida, Louisiana, Texas, 
and California, as better decorticating and 
degumming methods have been developed. 

Ramie fiber is another typical bast fiber. 
J’roperly prepared, it is extrem ely durable, 
stro ng, lustrous, fm e-tex tured ^.resistant to 
wat er and moldTantTol excellent c olor. The 
, imported TiberT normally kept for long 
periods without degumming, proved more 
brittle than was desirable, but apparently 
fibers degummed when fresh meet flexibility 
requirements as exacting as those for tire 
cord. The cementing gums of the fiber 
bundles are unfortunately not generally 
amenable to destruction by ordinary bac¬ 
terial activity, so that the fiber can seldom 
be cheaply separated by ordinary retting. 
Instead, it must be separated by pounding 
and scraping, and even then contains 12 to 
30 per cent "gum” or "resin” (pectic and 
other materials), which must eventually be 
dissolved away chemically. The fiber is not 
at all lignified, however. The fiber cells are 
the longest among m ound—commercial 
fibers, being to 30 cm. long and about V 30 
mm. in diameter. They occur most fre¬ 
quently in the lower portions of the stem. 


Their walls are very smooth-so smooth that 
spinning by machinery developed for other 
fibers becomes difficult and so discourages 
•wider use of ramie. 

Ideally, the ramie plant is best suited to 
warm, moist climates and rich, loamy soils. 
It is perennial, one planting sufficing for 
several years' harvests. Usually, propagation 
is J)y division of the clumps, although plant¬ 
ing from seed or from cuttings is possible. 
\ Vi th repeated cutting (as many as six 
harvests annually), heavy fertilization is 
usually necessary to maintain the vigor of 
the stand. Cultivation (first-year only) and 
harvest are done by machine in the United 
States, but in labor-rich Asia, where most 
ramie is grown, harvest is by hand, often 
one stem at a time, as the proper degree of 
maturity is attained. 

Machines similar to those used for scutch¬ 
ing have been developed for separating the 
bark (including, of course, the fiber) from 
the woody portion of the stem, and other 
machines of greater or lesser efficacy are 
available for scraping outer bark tissues 
from the fiber. In districts where labor is 
cheap, however, bark is still stripped by 
hand and cleaned by repeated pulling over 
a knile-edge. Yields of as much as 1,400 lbs. 
of cleaned fiber per acre_may result'from 
well-established fields of ramie. Almost half 
of this dry weight, however, is lost in 
further degumming. 

For very coarse products, untreated ramie 
mav be used, but for quality yarns, the gum 
in the fibers must be reduced to at least 15 
per cent. Much ramie is spun locally, by 
hand, with little or no degumming treat¬ 
ment. For producing better-quality fiber, 
many degumming methods have been de¬ 
vised, necessarily harsh because of the per¬ 
sistence of the pectic adhesions, some chemi¬ 
cal (e.g., boiled in lye, bleaching and treat¬ 
ing with acid), others bacteriological 
(retting with proper bacterial species). 
Degummed ramie is washed and dried, then 


FIBERS 


167 


typically treated with a softening agent 
(commonly glycerine, wax, and soap). In 
industrialized regions, ramie spinning is 
commonly done on machinery developed 
for silk, cotton, or wool, often (in attempts 
to make pure ramie fabric) with less than 
satisfactory results. As a consequenc e, most^ 
ramie is still used m mixture with othei^ 
fiberj/(>m]cipaL^ been i 

Jorn siting .nets,_4rehose,_ h ats, variou s 
fabrics (reporte dly niothproof) T -j .ipholstery, 

^Thread, gits li iaTitle^aruTl^n etimes'^aperr y 
^ RelativeTyTTttle^eTroTrTias freer) expendecT 
to develop markets for ramie, and only a 
handful of mills throughout the world seek 
it. Consequently, the demand is sporadic 
and the supply often intermittent. Until 
recent years, the United States had practi¬ 
cally no domestic market and little produc¬ 
tion, but of late several factories (in Boston, 
Brooklyn, Pittsburgh, California) have used 
ramie in a blend with other fibers, and 
Johns-Manville Corporation has recently 
utilized it for a mechanical packing. A few 
100 per cent ramie sport-clothing items have 
appeared under the label of a nationally 
known manufacturer. Moreover, intensive 
government work at Belle Glade, Florida, 
is producing superior strains of this "won- 
derjiber,” so that coming decades may’lee 
ramie utilized for numerous products, from 
typewriter ribbons to fine suits, as a steady 
fiber supply becomes available and ramie’s 
inherent superiorities become recognized. 
By-product uses will doubtless be discovered 
for the waste woody portion of the stems 
(pectins and plastics) and for_the leaves 
(livestock feed). At present, China is th<A 
leading producer of ramie, with an annuals 
production of 30 to 50 million lbs. Much' of I 
this is exp orted, mostly to Japan but als o \ 
to Europe. The selling price of ramie is , 
usually slightly below that of cotton. 

ykf JtiTE.^ Vlthough jute is one of the 
poorest oFtextile or bast fibers, it is nonethe¬ 
less the most important from the standpoint 


of volume consumed and diversity of use 
to which put. Jute comes from the stent of 
two similar East Asiatic species of Corcho- 
rus, C. cabsularis^ and C. clitoxm^oi the 


Tiliacen ^It is grown chiefly in India, 
particularly in the vicinity of Calcutta. 
Culture requirements demand warm, humid 
climates, and successful economic exploita¬ 
tion demands abundant, cheap labor. India, 
abounding in both, has little to fear in 
competition from the rest of the world as far 
as the jute industry is concerned. In addi-T 
tion to being far and away the foremost 
producer of jute—2 to 6 billion lbs. an¬ 
nually—India (Calcutta) is also the leading 
processor of jute fiber. 

The fiber strands of jute (typical “bast " 
bundles of fiber cells) ar e 6 to 10 f t. long. 
T hey are soft and pliab le when first ex¬ 
tracted, lending themselves well to manu-, 
facture, but tend to deteriorate readily and 
are co mparatively weak . Upon aging, jute 
cloth becomes quite perishable, harsh, 
water-absorbent, and dingy in color. The .. 
individual fiber cells of the strands are 
firmly cemented together, not separating (j/ 
even in retting or in manufacture. They are a 
I to 5 mm. long and about % 0 mm. wide. " 
The walls are thick but not uniform, and 
consist largely of ligno-cellulose (a com¬ 
pound of lignin and cellulose). The lesser 
percentage of cellulose, in comparison with 
that contained by other fibers, explains the 
comparative weakness of jute. This type 
of cell takes dyes readily, but cannot be 
bleached, so that in time the fiber becomes 
progressively darker. 

Jute is an annual crop, and is planted 
from seed. Seed is not generally marketed, 
each grower conserving his own from a 
matured portion of the previous crop. It is 
sown in the spring, on well-worked soil. ^ 
After the plants are established, die usual 
abundant rainfall (in India), or even flood¬ 
ing, in no way injures the crop. Close 
growth from very modest thinning yields 
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the best fiber stem/ Thinning and cultiva¬ 
tion are canie^l out largely by hand. Jute is 
ready to be harvested three to four months 
alter seeding, by which time the slender 
stems are considerably longer than a man is 
tall. They hear alternate, simple leaves and 
small, yellowish (lowers. For fiber, the stems 
are harvested when in (lower, belore seeds 
are formed. The cut stems may be "cured” 


i 

been the leading importer of raw jute fiber, 
the United States the leading single im¬ 
porter of all jute products (about 800 mil¬ 
lion lbs. annually). The United States is 
coming more and more to purchase jute 
already fabricated, primarily from Calcutta 
and Dundee, principally for cotton baling 
and sacking. Most jute (90 per cent) goes 
into fabric manufacture, with lesser 


in the lields for a few days or may be taken amounts being used for twines and ropes, 
directly to the retting pools. ' paper ‘(utilizing primarily butts), and 

Retting may be accomplished in. rivers, various specialties, 
po nds, or artif icial po ols; water retting The spinning and weaving processes for 
(a naerob ic) is the on ty type u sed. Buddies jute are essentially like those described 
of jute stems are w eiglrtecl suffi ciently to previously for (lax and other fibers, in¬ 
hold them under water but not enough t<f volving hackling, softening, carding, comb- 
become mired in the muddy bottom. Com- ing, drawing, roving, and so forth. Many 
plete re tting ordinarily regime s one to ^ytypes of cloth are made, in varying qualities, 
three weeks, after which the l oosened bark to be utilized as a protective bale cover in 
removed from the w oody cen ters by hand, shipping, sac ks or bags, upholstery, backing 
typically by whipping or flailing-the stems for linoleum, in mine ventilation, for small 

against the wate r. After any necessary ac^- mats, tapestries, and the like. Yarn is 

ditional hand dressing the fibers are washed utilized in making cordage, rugs, electrical 

and dried. Yields may be as high* as J ,•>()() insulation, and packing, 
lbs. of dry liber per acre, and production Jute is, of course, low in quality in coin- 
costs negligible in a country such as India, parison with other fibers. Yet the cheapness 
where the mass standard of living is ex- with which it can be produced and sold has 
tremely low. . dictated its acceptance throughout the 

A small or moderate percentage of jute world; that cheapness is almost a direct 

raised is utilized locally, where grown. Most reflection of labor conditions in Calcutta 

of it, however, is marketed, usually tluoagh (and to a lesser degree in Dundee, Scot- 
a series of middlemen. Ultimately it is balecf land), where almost half of the city's popu- 
and sent to Calcutta.or other manufacturing lation is in one way or another concerned 


centers, * where it is graded and passed 
through the brokerage channels. Hard ends 
of the strands (constituting 5 to 8 per cent 
of the fiber) are here cut off ayd sold 
separately as “butts.” 

Most jute is spun into yarn. Yarns ol 
better quality (higher-grade fibers, twisted 
tighter) are used for the warp ol fabrics; 
those of poorer quality olten for the weft. 
Fabric woven entirely of better quality jute 
is sold in the United States as "burlap.” 
Fabric of poorer quality is utilized lor cot¬ 
ton baling and coarse sacking. Europe has 


l^with jute production and manufacture. 
Wages have generally been about five cents 
an hour for a fifty-four hour week, and the 
efficiency of the worker quite low. 1 he 
industrialization of jute manufacture in 
India is having profound social and eco¬ 
nomic effects on an uneducated people 
heretofore inexperienced with machinery. 
There has been, indeed, an "industrial 
revolution” in miniature, with all the con- 
coijjjiant ills and social growing pains. 
^Abaca. The premier hard or struc¬ 
tural fiber of modern times is undoubtedly 
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abaci, or Manila hemp. The term abaca 
is much to be preferred, inasmuch as the 
plant is a monocotyledon, in no way related 
to the true hemp already discussed. Abaca 
is very closely related to the common 
banana, being of the same genus, Musa. The 
fiber-yielding species is Musa texiilis (Musa- 
ceae) with several horticultural varieties, 
indigenous to the Philippine Islands and 
in use there early in the sixteenth century, 
when these islands were first visited by 
Magellan. Not until the nineteenth cen¬ 
tury was this potentially valuable plant 
known or utilized outside the Philippines. 
But around 1820, 40 tons were exported to 
the United States, since when the rise in 
demand for the fiber has been so pro¬ 
nounced that today the United States im¬ 
ports about 65,000 tons annually, out of the 
200,000 tons produced. As a rule, abaci 
accounts for nearly one-third of all Philip¬ 
pine exports in value. Within recent de¬ 
cades, it has been introduced into the New 
World tropics, and is grown commercially 
in Panama, Costa Rica, Guatemala, and 
Honduras. It is also grown to some extent 
in the East Indies and Burma. 

The abaci plant is similar in appearance 
to the banana plant. Technically, it is stem¬ 
less, consisting of a series of twelve to thirty 
sheathing leaf stalks or petioles as much as 
25 ft. long, bearing above extremely large 
leaf blades as much as 12 ft. long. It is the 
petiolar portion that is valuable for its 
fiber, consisting, however, of only 2 to 4 per 
cent fiber by weight. The fruit is banana¬ 
like in appearance, but much smaller and 
inedible. The plant is strictly tropical, and 
is usually cultivated on lands once cleared 
of tropical rain-forest. In Central America, 
abacd is grown on land once in bananas but 
now untenable for the latter crop because 
of inroads of the Panama and Sigatoka dis¬ 
eases, which do not seem to molest abaci. 

Unlike the banana, abaci produces seeds, 
but is seldom propagated by them, since the 



Cut "stems” of abaca on conveyor belt leading to 
the crushing hopper. Honduras. (Courtesy Paul H. 
Allen.) 


resultant plantlets do not come true to 
strain. Instead, vegetative propagation, sim¬ 
ple separation of “suckers" (rhizomes) from 
the clump, is usual. Land is cleared, if neces¬ 
sary, by cutting-over and perhaps burning 
of the rain-forest, after which the suckers 
or clonal shoots are hand-planted 8 to 10 
feet apart. Growth is rapid in the moist 
tropics, and in as little as 18 months’ time 
a well-filled clump of abaci leaves is ready 
for harvest from each shoot set. Typically, 
harvest is by hand, with machete or bush- 
knife. The cut petioles, with leaves removed, 
are usually transported to central extraction 
sheds. Best-quality fiber is obtained from 
plants harvested just prior to flowering. 

The tough, pliable fiber of abaci is diffi¬ 
cult to clean. The petioles must be split and 
perhaps partially depithed by hand, after 
which they may first be pounded, then 
scraped between knife-edge and wooden 
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Clean abaca liber being sorted before drying. Hon¬ 
duras. (Courtesy Paul H. Allen.) 


block; or in more mechanized operations in 
Central America, power-driven spindle 
strippers or even special complex decorticat¬ 
ing machines free the fiber from the pulpy 
surrounding tissues. For best-quality fiber, 
decorticating should follow cutting within 
forty-eight hours. The fibers themselves 
are, of course, vascular bundles, 3 to 10 
ft. long and % to mm. wide. They are 
stiff, light, lustrous, elastic, very strong, and 
resistant to both salt and fresh water. 
Typically, they are 15 to 30 cm. long after 
decortication. The individual cells are less 
than 1 cm. long and only about \\„ mm. 
wide. In comparison with that of flax, cot¬ 
ton, and other fibers, the cell wall is rather 
thin in relation to the lumen. The bundles 
occur in the outer layers of the petiolar 
tissues, and are most frequent in petioles of 
greater width (found about one-quarter 
of the way inward in the clump). The fibers 


are only about 70 per cent cellulose, and 
are much like jute in chemical composition. 

Stripped fiber is ordinarily hung in the 
sun to dry, a process that takes from a few 
hours to a few days. It is thereafter gathered, 
baled, and graded on such characteristics 
as strength, color, and cleanliness; and to a 
lesser extent on texture and size. Marketing 
in the Philippines is usually through 
Manila, with the United States, Great 
Britain, and Japan as the chief buyers. 
Production there is usually from a large 
number of small, independent farms. Pro¬ 
duction in Central America is chiefly on 
large plantations controlled by the United 
Fruit Company, with sale directly in the 
United States. The fiber is used mostly for 
cordage, particularly marine ropes, for 
which it has no peer. Other minor uses 
include paper, fiberboard, and hats. 

The Cordage Industry. Most abaca and 
other hard fibers (85 per cent of the total) 
go into cordage—the making of t wine s and 
ropes. The preliminary process is essentially 
the same as for spinning soft fiber yarn for 
textiles. The long fibers (in hard fibers al¬ 
ways the entire fibrovascular bundle) are 
first combed, then are attenuated and 
twisted on complicated machines to inter¬ 
lock the fibers into yarn. The yarn may be 
used as such (as binder or tying twine, 
primarily for tying harvested crops), or a 
few yarns may in turn be twisted together 
(with an opposite twist to that of the yarn) 
by ingenious machines, to yield cord (wrap¬ 
ping twine). If a few cords are similarly 
twisted together for greater strength, rope is 
formed; and in turn a few ropes may be 
twisted together to yield cable. Obviously, 
the number of fibers to the yarn and number 
of yarns to the cord, and so on, will largely 
determine the strength of cordage. Regu¬ 
lation of the twist in making and combining 
yarns is very important. Under strain the 
fibers tend to untwist, but this tendency in 
the yarn should be counterbalanced by the 
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opposite twist in the cord, and so on up to 
cable-size cordage. Each successive combina¬ 
tion is. of course, always twisted in the 
opposite direc tion to the last. During manu¬ 
facture ol larger cordage, an oil is commonly 
applied to the liber. Oiled fibers are softer 
and less dusty, and oiled rope is easier to 
handle. In recent years, various water¬ 
proofing or preservative substances are 
sometimes added with the oil where special 
qualities in the rope are desired*. 

About half of all cordage manufactured 
is binder twine. For such twine, only hard 
fibers have been found both resistant 
enough and cheap enough to sati sfy requ ire- 
ments. Abaca is used chiefly for the finer 
grades, sisal (sometimes mixed with abaca) 
and henequen for coarser grades. Wrapping 
twines of two, three, or four strands (yarns) 
also commonly use abaca for finer grades 
and other hard fibers for coarser grades, or 
soft fibers and cotton for “soft" strings for 
small (indoor) packaging. Rope ca n bej riade 
from almost any fiber, but is usually made 
from hard fibers; three-fourths of all hard 
fiber used for this purpose is abaca. Ropes 
are commonly three-, four-, or six-strand, 
and are oiled or otherwise impregnated. 
The dependence of our economy on rope 
can be readily realized by considering its 
use on the farm, in shipping, for fishing, 
in construction, and so on. Best-quality rope 
is made from abaca; lower qualities are 
usually made of sisal. Nearly half of the 
world's total cordage is manufactured in 
the United States and Canada; more than 
one-fifth and two-fifths, respectively, of the 
remainder in the United Kingdom and 
continental Europe. 

7. Sisal. True sisal, henequen, and a few 
other similar fiber plants, all species of 
Agave, of the Amatylidaceae, are here col¬ 
lectively treated as sisal. As so defined, sisal 
ranks close to abaca in importance; these 
two, the most notable hard fibers, are the 
only two to be discussed here. All Agaves are 



Agave atravirem. This species is most commonly 
used for the beverage, pulque, but several similar 
species yield commercial fiber from the leaves. 
(Cutak photograph. Courtesy Missouri Botanical 
Garden.) 


native to the American tropics: true sisal 
is A sav e sisalam : henequen is A. four- 
croydes; of lesser importance, maguey or 
Java cantata is A. cantata; Tula istle is A. 
lophantha paselgeri; Salvador sisal is A. 
letonae; and Jaumave istle is A. funkiana. 
A. fourcroydes grows in the semiarid plains 
of the Yucatan peninsula and has also been 
introduced for cultivation into Cuba and 
Jamaica. A. sisatana is somewhat more 
tolerant of environmental extremes. It is 
grown in southern Mexico, usually in more 
moist localities than henequen, and has 
been introduced for fiber production into 
the East Indies, Haiti, and various parts of 
Africa. A. cantata is today grown com¬ 
mercially only in the southeastern Asiatic 
area, particularly the East Indies and the 
Philippines. 

All the Agaves are large rosette-type 
shrubs consisting of 50 to 150 thick, rigid, 
spirally arranged leaves. The leaves of true 
sisal are spineless except at the tip; hene¬ 
quen and maguey are margined with thorns. 
After a number of years’ growth, a large 
inflorescence sometimes rising to a height 
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of 20 ft. is produced, which exhausts the 
plant, whereupon it dies. Leaves are con¬ 
tinuously produced from the center (top) 
of the small, thick core (stem), and as they 
become older they bend outward and down¬ 
ward. They are then cut, to yield the fiber 
ol commerce. Individual leaves are up to 
(i It. long, and bear imbedded in a fleshy 
pulp or matrix the long fibrovascular 
bundles that become the sisal fiber of com¬ 
merce. 

The fibrovascular bundles or hard fibers 
are 2 to 5 It. long and i/ 8 to i/ 2 mm. wide, 
being somewhat coarser than abaca. The 
individual cells are at most a few mm. long 
and about 1 - 0 mm. thick. The lumen is 
broad, particularly towards the middle, and 
the walls are only moderately thick but are 
stiff and partially lignified. Luster, strength, 
and durability are typically less than for 
abaca. 

The fiber Agaves are tropical plants and 
are quite sensitive to frost. Several species 
demand semiarid environments. Propaga¬ 
tion is either from underground stems 
(rhizomes or “suckers”) or from tiny "bul¬ 
bils” (small asexual plantlets) which form 
on the inflorescence and fall to the ground 
as the parent plant terminates its life cycle. 
Planting is by hand, from the sectional rhi¬ 
zomes or fallen bulbils, usually first in nur¬ 
sery beds. After several months there, the 
young plants are transferred by hand to the 
fields during the rainy season, usually being 
spaced about 8 to 9 feet apart. Full sunlight 
and modest cultivation are needed. Growth 
is usually slow, varying with the climate: 
from two years (in Africa) to six years (in 
Yucatan) are required to mature the sisal to 
harvestable size. Then the leaves, finally 
grown to a horizontal position, are cut by 
hand. Sequential cutting proceeds as leaves 
progressively reach the horizontal position, 
and may be continued from first maturity to 
flowering (death) of the plant, a period 
usually ranging from six to ten years. Yields 


may he as much as 2,500 lbs. of fiber per 
acre annually, under optimum conditions, 
such as are found in East Africa. 

Fiber stripping is done within forty-eight 
hours of harvest, to avoid undue gumming 
and hardening about the fibrous strands. 
Thoroughness of stripping largely deter¬ 
mines quality of the fiber. Formerly fibers 
were scraped Iree by hand, in the fashion de¬ 
scribed for abaca. More recently, 95 per 
cent of all stripping has come to he per¬ 
formed by machine. Machine decorticators 
first crush the leaves between corrugated 
rollers, after which the mass of fiber and 
pulp is dragged between revolving drums 
equipped with knife blades that beat and 
scrape away the pulpy portion. The cleaned 
fibers drop into a tank of water for washing 
or are centrifuged with water. In spite of 
many attempts, no commercial use has yet 
been discovered for the waste pulp (96 per 
cent of the leaf). After being washed, the 
fiber is dried, frequently in the sun. If 
necessary, there may be a final brushing 
preceding baling and grading. Java sisals 
are usually top-grade, followed in order of 
decreasing quality by East African, Haitian, 
and Mexican sisal. 

A large part of the sisal output goes into 
cordage (see p. 170). The biggest use is 
for binding twine, for automatic grain and 
hay binders and harvesters. As a result of 
the invention of such machines, the world 
production of sisal today is more than a 
third of a million tons annually, as com¬ 
pared to 25,000 tons about half a century 
ago. Of this, roughly half is taken by the 
United Stales and Canada. Sisal is also used 
to some degree for brushes, stuffing, rugs, 
paper, local sacking, hats, and novelties. 
Originally almost 100 per cent of sisal 
production came from Mexico, but after the 
introduction of Agave sisalatia to various 
parts of the world, East African production 
came to exceed that of Mexico, with the 
East Indies not far behind. Chief purchasers 
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of this fiber are the United States and 
Canada, western Europe, and (often in¬ 
directly) Argentina, South Africa, other 
British Dominions, and Russia—primarily 
areas where machine binding has assumed 
great importance. Most Mexican and West 
Indian sisal, and a good part of the East 
Indian crop, go to the United States. African 
sisal is largely absorbed by the United 
Kingdom and Europe. 

Sisal production has always favored the 
tropical plantation system, with its eco¬ 
nomic advantages but often concomitant 
exploitation of the workers. In Mexico the 
concentrated henequen plantations of Yuca¬ 
tan were privately owned until social revo¬ 
lution in the twentieth century brought 
about government seizure of properties and 
decorticators. Government operation was 
without marked success, and properties 
were ultimately returned in part to their 
former owners, although the government 
still regulates commerce in the fiber. In 
East Africa, sisal growing has thrived under 
a combination of British management and 
cheap native labor, usually on distant, self- 
sufficient plantations in Tanganyika and 
neighboring areas. In Java and other East 
Indian islands, sisal plantations efficiently 
managed by Dutch overseers with Malayan 
labor yielded sizable profits before World 
War II. In the West Indies sisal production 
has been unstable because higher labor rates 
make competition with other producing 
regions difficult. Only in Haiti, on a large 
estate managed by die United States govern¬ 
ment, has production shown promise. The 
sole important exception to the plantation 
system of growing sisal is in the Philippines, 
where, as with abaca, small farmers con¬ 
tinue to produce, albeit inefficiently, their 
annual cash crop of cantala. 

8. Miscellaneous Fibers of Lesser 
Importanc e.* Space does not permit dis¬ 


cussion of every fiber in as much detail as 
the preceding seven were discussed. Yet a 
great many are of peculiar importance and 
interest, or at least would be under emer¬ 
gency conditions. It will not be amiss, then, 
to devote a few sentences to the better- 
known fibers of minor importance. 

Crotalaria. C. juncea, and to a lesser 
extent C. tenuifolia, of the Leguminosae. 
are known as sunn hemp, san hemp, or sun. 
The species grow abundantly in southern 
Asia, but are cultivated on a commercial 
scale only in India, where the growing and 
marketing practices are nearly identical 
with those described for jute. Perhaps 15,000 
tons are produced annually, part of which 
is used locally for cordage and sacking. The 
fiber is imported into the Western world 
primarily for use in cigarette papers and 
high-quality tissue. It has also been used for 
caulk, and in mixtures with other fibers. 

Sesbania. S. exaltaia (S. macrocarpa), also 
of the Leguminosae, yields a strong bast 
fiber once extensively utilized by North 
American Indians. This shrub or small 
tree grows wild in die western United 
States, where it is sometimes called Colorado 
River hemp. There is no active commerce 
in this fiber. 

Hibiscus. Several species of Hibiscus, 
members of the Malvaceae, including the 
common okra, H. esculentus, yield a bast 
fiber similar to those previously discussed. 
Perhaps the best-known species is Roselle 
(Rama, sorrel, thorny mallow) from H. 
sabdarifja, a plant probably native to India 
and long cultivated in the southeastern 
Pacific area. This species yields not only a 
jute-like fiber but a fleshy edible calyx and 
a seed oil as well. Russia has utilized H. 
cannabinus, kenaf, for purposes similar to 
those for which jute and hemp are used; 
and during World War II planting of this 
fiber was pushed in the New World tropics. 


'L.H. Dewey, Fiber Production in the Western Hemisphere (Washington nr n « n 
Agriculture, Mile. Pub.. 5.8. .983) more use1 ' JST" 
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In the Far East, its native habitat, the species 
is known as Deccan, Anibari, or Gambo 
hemp. It serves well as a substitute lor jute, 
and in the Americas is cultivated today 
chiefh in Cuba and Florida, where the fiber 
is treed either mechanically or by retting, 

Urena. Urena, also ol the Malvaceae. 
embraces two fiber-yielding species. Perhaps 
best known is the bast fiber ol U. lobata, 
cultivated in Brazil, the Belgian Congo, and 
Madagascar. It is sometimes given the com¬ 
mon names, Guaxima Roxa, Malva, Malva 
Blanca, or Aramina. The plant occurs in a 
wild state in much of tropical America. The 
fiber may be substituted for that of jute. 

Sida. A number ol species of Si da, of the 
Malvaceae, yield hast liber similar to that 
given by othei Malvaceous plants men¬ 
tioned. Sida rhombi folia, common through¬ 
out the New World tropics, is sometimes 
known as Cuba jute, but rarely enters com¬ 
merce. 

Abutilon. A. avicennae, the China jute or 
Indian mallow, another member of the Mal¬ 
vaceae, yields a bast fiber similar to that of 

4 

other members of the family and may he 
substituted for jute. It is principally cul¬ 
tivated in China. 

Tilia. Basswood or linden, Tilia ame- 
ricana (and other species of the genus), of 
the Tiliaceae, produces a utili/able bast fi¬ 
ber in the inner bark. The tree is wide¬ 
spread in the eastern United States, and 
provided one of the fifty-five useful fibers 
known to the American Indians. The bark 
was peeled from a young tree, boiled with 
wood ashes, shredded by drawing it over a 
sharp bone, dried, twisted into a yarn-like 
hank, and then woven into fabric or basket. 

Broussonetia, etc. Broussonetia papyri- 
fern, the paper mulberry of the Moraceae, 
yields a bast fiber similar to that of Tilia. 
The species is utilized in tropical countries 
ol the Far East for rough fabrics, often after 
a native process of retting. Antiaris, also of 
the Moraceae, and Lagetla, lace bark, of the 


Thymeliaceae. are sometimes also utilized, 
for the bast network contained in their 
inner bark. 

Asclepias and Apocynum. Several species 
of these related genera ol the Asclepiadaceae 
and Apocynaceae yield a hast fiber similar 
to flax. Apocynum has been cultivated for 
fiber in Russia, reportedly to make "ken- 
dyr” paper. Apocynum cannabinum, the 
common dogbane or Indian hemp, was of 
great utility to the Indians of eastern North 
America. The common wild swamp milk¬ 
weed, Asclepias incarnata, possesses excel¬ 
lent fiber and provides good yields, but the 
plant is difficult to cultivate and appears in- 
adaptable to existing machine decorticators. 
The seed hairs (surface fiber) of several 
milkweeds taken from wild plants have, 
however, served as a substitute for kapok 
under emergency conditions. 

Pliormium. Phormium tenax, of the 
I.iliaceae, is a distant relative of the Agaves. 
In the trade it is known as New Zealand 
hemp, after its native habitat; in South 
America it is called Formio. It is the only 
commercial hard fiber not obtained from a 
tropical species. New Zealand hemp is of 
“century plant” appearance, with leaves up 
to 9 ft. long and only about 2 in. wide. 1 he 
fiber is extracted in the same manner as 
sisal, and resembles abaca in appearance 
but is weaker. The plant is propagated by 
seed or, more commonly, by division, and 
needs little or no attention in growing. At 
one time (1918), about 25,000 tons were 
exported from New Zealand, but in recent 
years production has languished in compe¬ 
tition with hard fibers from regions of 
cheaper labor. 

Furcraea. Furcraea gigantea (F. foetida), 
of the Amarylidaceae, Mauritius hemp oi 
aloe, is a hard fiber plant produced com¬ 
mercially only on the tiny Indian Ocean 
island of Mauritius. It is indigenous to 
Brazil, where it is called Piiena. In ap¬ 
pearance it is similar to sisal, although the 
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leaves are larger, and it is handled in the 
same manner. Two varieties are cultivated. 

They are propagated by means of bulbils. 
In addition, a considerable harvest is ob¬ 
tained from plants gone wild. The leaves 
are stripped front the plant by machine, 
but the machinery used is rather inefficient. 
The fiber produced is very flexible but 
weak. Less than 2,000 tons of fiber are pro¬ 
duced annually, most of which is consumed 
by the local sacking industry. Other Fur- 
craeas utilized for fiber are F. macrophylla, 
known as figue, used in Colombia, chieHy 
for coffee bags; F. cabuya (and its variety, 
integra), known as cabuya, common in the 
wilds of Ecuador; and several species in 
Peru, collectively called maguey (not to be 
confused with Agave cantata, the Philip¬ 
pine maguey). 

Yucca . Y. ( Samuela) carnerosana, of the 
Liliaceae, is known as palma or palma istle. 
It is native to northern Mexico, where it is 
common enough in the wild state to yield 
modest harvests. The species is a typical 
“ce ntury pla nt," with thin, rigid, lance¬ 
shaped leaves borne atop an erect, undi¬ 
vided stem. The hard fibers are extracted 
in the same way as are those for sisal. The 
fiber is utilized to make coarse wrapping 
twine, for brushes, and is mixed with sisal 
for binder twine. It is marketed chiefly in 
the United States. Several American jpecies 
of YucaryiM a hard fiber of utility, which, 
however, can seldom compete with exotic 
fibers save under emergency conditions. 
American Indians are known to have used 
Yucca fiber for sandal twine, robes, and 
shrouds; and in time of war, Y. glauca, the 
beargrass or soapweed of Oklahoma and 
New Mexico; Y. elata of Texas, New Mex¬ 
ico, and Mexico; Y. baccata, of the high 
plains in the Southwest; Y. torreyi, of the 
lower plains; and one or two other species 
-all have been pressed into service. The dry 
leaves of these plants contain 35 to 45 per 
cent fiber, which is commonly freed by 


bacterial retting, rather than by decorticat¬ 
ing, as is practiced for most hard fibers. The 
fibers are 8 to 40 in. long and have a tensile 
strength as good as, or better than, that of 
sisal, jute, and hemp. 

Neoglaziovia. N. variegata . of the Bro- 
meliaceae, native to eastern and northeast¬ 
ern Brazil, grows abundantly in the drier 
scrub-forest, or “caatinga.” This plant, 
known as coroa, is terrestrial, and resembles 
a very slender-leafed Sansevieria. It is har¬ 
vested from the wild by hand, after which 
the typical hard fiber is scraped free. The 
fiber is used locally and is also exported in 
small amounts. 

Sansevieria. Several species of Sansevieria. 
of the Liliaceae, yield the hard fiber, bow¬ 
string hemp, from the leaf. The plants are 
terrestrial, mostly native to Africa and trop¬ 
ical Asia but now widely naturalized in 
Mexico and the American tropics. The fiber 
is typically extracted by hand scraping. 
Species of Sansevieria are also common 
potted plants ("mother-in-law’s tongue") in 

the home, and are noted for their durability. 

• 

Bromelia, Bilbergia, Ananas, etc. Species 
of these genera of the Bromeliaceae occur 
in a wild state in Brazil, and are collected 
to yield a hard fiber indiscriminately known 
as gravata. The pineapple ( Ananas como- 
sus), native to the American tropics, is now 
widely cultivated throughout the world, 
primarily for its fruit, although the leaves 
do yield an acceptable hard fiber. 

Tillandsia. Tiltandsia usneoides, Spanish 
moss, of the Bromeliaceae, is a common 
epiphyte of the Gulf Coast of North Amer¬ 
ica. It is not a hard fiber in the usual 
sense, since the whole plant, containing 
about eight fibrovascular bundles, is uti¬ 
lized. The gathered “moss” is simply heaped 
and moistened in order to allow it to un¬ 
dergo brief aerobic retting to loosen weaker 
tissues. Fragments or foreign material are 
later beaten or shaken free. Spanish moss 
has long been gathered from the wild in 
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Spanish moss, Tillmuhia usneoides, a source of fill¬ 
ing fiber. (Courtesy Missouri Botanical Garden.) 


the bayou regions of Louisiana, usually by 
itinerant Negroes interested in picking up 
"pin money.” It is principally utilized as 
a stuffing material. 

Diplothemium. Species of this palm genus 
growing wild in Argentina yield yatay or 
American crin vegetal. True crin vegetal 
comes from the North African palm Charna- 
erops humilis. The fiber is utilized as a 
cheap stuffing material. 

Carludovica. Carludovica palmata, the 
Panama hat palm, is not a palm but a mem¬ 
ber of the neighboring family, the Cyclan- 
thaceae. The plant grows wild in most of 
the American tropics, where strips of leaf 
are woven into Panama hats. The industry 
is centered in Ecuador. (See illustration, 
p. 146.) 

Grasses. Various grasses and sedges, such 
as Stipa, the esparto, and Cyperus, "pa¬ 
pyrus,” are used as fibers in their entirety, 
with little treatment other than drying. 



Kapok tree, Ceiba pcnlandra, in British Guiana. 
The tall palm at the right is the useful Royslonea 
oleracca. (Courtesy Chicago Natural History Mu¬ 
seum.) 

They are chiefly used in making paper, in 
weaving baskets and mats, and for various 
local products. 

Salix, etc. Various willows or osiers, spe¬ 
cies of Salix, of the Salicaceae, are often 
used for basketry and like products. Oak 
splints and various lithe stems or twigs 
from many species are similarly utilized. In 
tropical regions, various bamboos and rat¬ 
tan palms serve for making wickerwork 
and baskets. 

Ceiba. Ceiba pcnlandra (and other re¬ 
lated species and genera) of the Bombaca- 
ceae, yield kapok, widely used in life-saving 
apparatus, in sleeping bags, as insulation, 
and as a stuffing material. It is a surface fiber 
from the seed pod of the silk-cotton tree, 
wild over much of the American tropics. 
The species was introduced into the Far 
East, where it is cultivated extensively. 




FIBERS 


111 



Photomicrographs of kapok fiber. Ceiba pentandrn. from Java (left) and of 
milkweed floss. Asclepias. from North America (right), broken fibers in kapok 
arc caused b\ extreme compression used to make small, heavy bales for economy 
in shipment of Kapok on its 12.000 mile journey from producing area to con¬ 
sumer. (Courtesy Economic Botany.) 


normally supplying some 90 per cent of the 
annual production of kapok. The fruits are 
gathered by natives armed with knives on 
long poles, dried, and divested of the cot¬ 
tony fiber by hand. The outstanding char¬ 
acteristics of the hollow fibers are their 
resiliency, buoyancy, and impermeability 
to water. The seed can be utilized to yield 
an oil similar to cottonseed oil. 

Asclepias. Mention has already been made 
of the use of various species of the milk¬ 
weed, Asclepias, of die Asclepiadaceae, for 
bast fiber. The same plants also yield a 
buoyant seed fiber similar to kapok. During 
World War II, a good deal of milkweed seed 
fiber was substituted for kapok in making 
life preservers and in lining aviators’ suits. 

Typha. Fruit hairs of two species of 
Typha, of the Typhaceae, the common cat¬ 
tails, have properties similar to those of 
milkweed seed fibers and kapok, and can 
be substituted for them in an emergency. 
The fibrous stems can be utilized in paper¬ 
making. Cattails are omnipresent in marshy 
areas throughout the world. 

Cocos. 1 he common coconut, Cocos nuci- 
feia, supplies a fairly important fiber, coir, 
from the surface (outer husk) of the fruit! 
The nut is usually retted in salt water for 


prolonged periods, alter which it is beaten, 
washed, and hackled to separate the fibers 
of the husk. These greatly resemble horse¬ 
hair. They are shipped to industrial areas, 
primarily for use in making cordage, mats, 
and stuffing. The coconut is a strand plant, 
widely distributed throughout the world 
and usually to be found in tropical regions 
where labor is abundant and cheap. 

Sorghum. Sorghum vulgare, broomcorn, 
of the Graminae (particularly in the variety 
technicum), is cultivated in many parts of 
the world for its bristly inflorescence. In 
the United States it is cultivated chiefly in 
the Mississippi Valley. The inflorescence is 
cut before maturing seed, then dried and 
cleaned. The cut inflorescences are chiefly 
used to make whisk brooms and carpet 
brooms. Another grass, Epicampes mac- 
wura, with a dense but stiff fibrous system 
grows from Texas through Central America. 
The root is utilized for cheap brushes. 

Attalea and other palms. Piassava is the 
name given a fiber taken from the surface 
at the base of the petiole of several species 
of palm, mostly of the genus Attalea. Pias¬ 
sava is commonly collected by hand from 
wild palms in eastern Brazil. In other parts 
of the world, a number of different palms, 
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Cut (oconut fruit, showing portion of tlie outer husk (nicsocarp and exocarp) 
removed. I be husk is the source of coir, the seed (endosperm, within hard 
endocarp) is a source of copra for oil. (Courtesv Economic Itolany.) 


such as Aren go, liorossns, Copernicin, Cory- 
oto, Jubaea, Rophio, and others, yield sim¬ 
ilar liber, which is largely consumed in the 
manufacture ol brushes. 


/.»//«. The vegetable sponge, Lull a cy- 
lindrica, native to the American tropics, is 
a member of the gourd family, the Cucui- 
bitoceae. The fibrous network within the 
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Threshed and unthreshed broomcorn inflorescences of three varieties. (Courtesy 

Economic Botany.) 


fruit is freed by retting and drying. Such 
fiber has strategic value in that it con¬ 
stitutes the best oil filter for naval vessels. 
The fibrous mass is also used for brushes, 
packing, air filters, and curiosities. 

Sphagnum. Sphagnum, or peat, is a true 
moss. It typically grows as a floating mat 
on fresh water bogs, where it accumulates 
in immense quantity. Peat can be con¬ 
sidered a fiber only in the broadest sense of 
that word, but it is sometimes used as 
stuffing. Other uses are as a mulch or soil 


constituent in horticulture and as an ab¬ 
sorbent bandage material. In the United 
States it is chiefly gathered i„ the Florida 
Everglades, by huge machines. In various 
other parts of the world it is gathered by 
hand and utilized for fuel. 

• 

Vegetable fibers and the future. Men¬ 
tion has been made earlier in this chapter 
of the increasing competition offered veg¬ 
etable fibers by the newer synthetic fiber 
industry. There is no doubt that many mar- 
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kcts, formerly the exclusive property of 
natural fibers, have been and will be more 
and more invaded by rayon , nylon , and 
various newer synthetics. This is particularly 
true in the fields of high-price, quality 
fabrics or even cordage. Vet there is no 
immediate prospect of diminishing demand 
for most of the important fibers described. 
Indeed, some of them may form the raw 
material for synthetics (as cotton linters do 
for rayon),* and others may show markedly 
increased utility as production techniques 
improve (witness the recent better machine 
handling and decortication of ramie). There 
is little likelihood that quality synthetics, 
of necessity a pro duct of industria lization, 
skillecj^krbor, and high standard of living, 
can ever be produced as cheaply as natural 
fibers from che ap-la bor districts. There may 
well be shifts of emphasis or of centers of 
production as the ebb and flow of social 
change and world government dictates, but 
it is hard to imagine wholesale abandon¬ 
ment of the proven bast and hard fibers for 
generations to come. 

The economics of fibers. As with other 
plant products, and possibly even to a 
greater extent in the case of fibers, cost, 
more than quality, determines acceptance. 
Any reasonably adequate fiber that can he 
produced in quantity more cheaply than 
others is assured of a market. Consequently, 
as has been indicated, the important fiber- 
producing areas tend to coincide with cheap 
labor regions, and often fibers come to be 
produced exclusively in a limited portion 
of the globe. This fact was hammered home 
to the United States during World War II, 
when domestic production of many strategic 
fibers, formerly imported from the Far East, 


was clearly inadequate. Nor does it seem 
likely that the United States or any other 
highly industrialized nation can expect to 
compete in fiber production in peacetime, 
except where mechanical genius develops 
elaborate methods of machine handling 
and processing to offset cheaper labor costs 
in distant corners of the earth. 

Another interesting aspect ol the modern 
fiber industry is how small a part the cost 
of the fiber plays in the cost of the ultimate 
article manufactured. The increase in cost 
is in large part due to the fact that a fiber 
is seldom utilized in the locality where 
grown. Typically, a fiber grown in a pastoral 
land must pass through the hands of a 
series ol middlemen before being manufac¬ 
tured in some distant industrial country- 
a country which in turn may use but little 
of the manufactured article. This article 
may be shipped again for sale half around 
the world, perhaps even back to the country 
where the fiber was grown. The multi¬ 
tudinous handling, manufacturing, and 
shipping charges come to obscure the com¬ 
paratively negligible price originally paid 
for the fiber. In modern times the Philip¬ 
pines (abaca}; Mexico, Java, and Africa 
(sisal); India (jute); Russia (flax); China 
(ramje); United States (cotton) are the prin¬ 
cipal growing countries. The United States 
and Great Britain are the principal man¬ 
ufacturing nations. Consuming countries 
are exceedingly diverse, although the 
United States, in contrast to Great Britain, 
consumes most of the articles domestically 
produced. Various tariffs, duties, and cartel 
arrangements complicate the flow of fibers 
and fiber products in the channels of world 
trade. 


The cost of raising fiber plants is usually 

•Farm wastes-e.g.. corn cobs, straw, and so on-show considerable possibility for use. Furfural, a 
cn.ical intermediate used in making synthetic rubber and nylon among other things, can easily be 
C n ele.ahle waste. Furfural is a, the present time made mostly from oat hulls and corn ~bs but there 
Zs\obe no reason why it should not he made as well from the boon (waste core! of ranne or other 

jp wastes. 
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comparatively small. More costly as a rule 
is the extraction of the fiber, which is typic¬ 
ally imbedded among other tissues difficult 
to remove. The invention of proper ma¬ 
chines for this task can have a profound 
influence upon the ultimate cost of the fiber. 
The usual retting and scraping processes 
for removal of fiber have been described. 
In addition, certain chemical extractions 
and controlled retting have come to be 
tried, and at least one case of “explosion" 
removal* has shown promise. Subsequent 
cleaning and combing are in some cases 
done largely by hand, in others by ma¬ 
chines of differing degrees of efficiency. Man¬ 
ufacturing costs are, of course, linked closely 
to the average wage, which is in turn closely 
linked to the standard of living. Many high 
standard-of-living countries more than com¬ 
pensate for high labor costs in manufacture 


by increased efficiency, made possible by 
skilled labor and elaborate machinery, to 
say nothing of adequate capital investment. 
Within both the producing and manu¬ 
facturing phases of the fiber industry room 
for improvement exists, and doubtless any 
increased labor costs in coming years can 
be offset by more efficient marketing and 
processing. Almost all fibers are inter¬ 
changeable within their specific group and 
so are more or less competitive. The selling 
price of any fiber is governed to some extent 
by the price of other fibers, and day-to-day 
quotations fluctuate widely, depending 
more upon supply and demand and specu¬ 
lation than on actual production costs. 

The United States is the world’s largest 
consumer of fibers, and takes a goodly por¬ 
tion of the several millions of tons of fiber 
annually produced throughout the world. 


SUGGESTED SUPPLEMENTARY READING 
Weindling, Ludwig, Long Vegetable Fibers (New York: Columbia University Press, 1947). 


• In this method, the fibrous leaf is exposed to steam under high pressure, which explodes or blasts 
away weak, loose tissue upon release of the pressure. 







PART III 


Cell Exudates And Extractions 


Most plant cf.lls, sometime during their 
existence, secrete or excrete complex meta¬ 
bolic products other than the cell wall 
materials which give to man the many 
materials of economic importance discussed 
in the previous section. These additional 
materials are very often viscous or liquid, 
“exuding” from the cells or tissue, and 
hence are termed exudates. Other deposi¬ 
tions within or about the cell are crystalline 
or solid: e.g., alkaloids, oxalates, and starch. 
In most cases the exact function of the 
exudates in the plant is unknown or un¬ 
certain; in some instances it seems to in¬ 
volve waste materials. Exudations may take 
the form of resins, gum, and latex; or, in 
the broader sense of the term, even suberin, 


waxes, oils, tannins, dyes, pigijjents, a jka - 
ltnds, and the like. But the latter must 
usually be extracted by man from the plant 
tissues, and hence are more appropriately 
termed e xtracti ons. Exudations and par¬ 
ticularly extractions may be found inter¬ 
spersed through the intermicellar spaces 
of the cell wall (as with certain tannins and 
dyes from wood), or they may be channeled 
completely into special intercellular con¬ 
ducting tubes or through the lumen of dead 
cells (as with naval stores and rubber). In 
subsequent chapters several of the more 
important plant exudates and extractions 
will be discussed, at which point more spe¬ 
cific treatment of die source of the useful 
product will be possible. 





















































































































































































































































































































CHAPTER 8 


Latex Products 


A GREAT MANY PLANT EXUDATES TAKE THE 

form of latex, which is a milky liquid, a 
complex colloidal mixture of water, salts, 
hydrocarbons, and various other organic 
compounds (alkaloids, resiu>, oils, proteins, 
s ugars, and starch, and like materials!. The 
usefulness of latex to the plant is uncertain, 
but possibly it aids in closing and healing 
injured parts and as a storage medium for 
nutrients. Lactiferous plants are found in 
several plant families, notably the Euphor- 
biaceae, Sajwtaceae, Mpraceae . Co mpositae , 
Apocynaceae, Ascle piadq ceae, and a few 
others of lesser importance. Lactiferous 
plants embrace small herbs and large trees, 
both those native to temperate and sub¬ 
arctic regions and those native to equatorial 
forest belts, growing in varying climates 
from arid desert to humid rainforest. Th.e 
latex is produced by living cells, in the 
protoplasm, and apparentlyjiccumulates in 
the vacuoles. The production may take 
place in leaf, ste m, o r perhaps even root; 
the latex so formed escap es from the vacu¬ 
oles and is carried throug h th e plant in latex 
vessels-either dead cells or cavities formed 
between cells. ^ 


Rubber 

A number of lactiferous plants produce 
rubber, but only one, Hevea brasiliensis * 
the P ara rubber tree, has had a vital in¬ 
fluence on the world’s economy, in peace as 
well as in war. Several pages will be de¬ 
voted to the history, cultivation, tapping, 
and processing of Para rubber, in order to 
give the general background of the rubber 
growing and processin g ind ustry. There¬ 
after rubber plants of lesser importance 
will be briefly treated, to round out the 
discussion of natural rubber sources. 

Pa ra Rubber , Hevea brasilien sis. Of all 
the rubber plants, few yield quality rubber 
in sufficient quantity to make exploitation 
profitable. Of these few, none has rivaled 
the Para rubber tree, of the Euphorbiaceae, 
in utility, frequency of occurrence in the 
wild, adaptability to cultivation, ability to 
withstand repeated tappings, and ease of 
propagation. 

The history of Hevea'Hirasiliensis is the 
story of rubber itself, and embraces dra¬ 
matic episodes shaping the course of his¬ 
tory in the East as well as the West. Para 


P !,° bab!y ° ther spccies of Hevea as welL Thcre is considerable evidence drat widespread natural 

byb ‘, d .‘“ 10n occu . r 1 s in k Hev ‘ a > and no final agreement has been reached as to just what species arc 

were of ? 6 Wickham 5cnt t0 (>« P- 186), the basis of most cultivated rubber, 

were of hybrid stock and not a "pure” species. * 
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lubber was first heard of in the white 
man s world as an unnamed plaything 
ol die Mexican Aztecs, and as the leg¬ 
endary “caoutchouc" of die Amazon coun- 
V> r v—a^^u^mgg-jj ubstante. soli - ium— y rsilienL- 
of which the tropical American Indians 
fashioned halls, to rches, and water-tight 
implements. 1 his first notice was in the 
early part of the sixteenth century; by 1600 
natives and Spanish settlers a like wer e 
waterproofing shoes, clothing, and hats with 
latex. It*was La Condamine, in 1734, com¬ 
ing clown the Amazon from what is now 
Ecuador, who gave the name “cauchuc" 
(caoutchouc in French) to rubber utilized 
by Guiana Indians, and who reported 
"heve" or "jeve] ' to be the native name for 
rubber in the Andean region. From this, 

Aublet later coinecTthe generic name Hevea; 
strangely enough the "lieve" reported by 
La Condamine must have been not Hevea 
(cauchuc) but Castilla, of the Moraceae. 

La Condamine sent samples of rubber to 
Paris, where it remained largely a curiosity 
for a century. Priestly then utilized it for 
rubbing out pencil marks, and dubbed the 
strange substance rubber, by which name 
it has been known ever since in English- 
speaking countries. In 1 823 M acintosh dis¬ 
covered that rubber was sofhble in naphtha, 
and initiated the first experiments in water¬ 
proofing with rubber in legions remote 
from the rubber tree, whose uncoagulated 
latex had heretofore been necessary for 
impregnating fabrics. Sixteen y ears la ter 
odyearji discovery <jl vjdcani/aiimi the 
addition of sulfur to rubber at prop er tem- 
ratures to yield a genera lly use ful prod¬ 
uct, finally opened the way, to wid espread 
commercial applications. Until some way 
had been discovered to keep it from be¬ 
coming sticky when warm and brittle when 
cold, rubber could have little influence 
upon modern economy. Development of 
thp^pn eumatic tire w as the final impe tus 
needed to make rubber collection and com- 



merce one of the most important of world 
industries. 

At first ru bber was collected entirely 
from wild plants, principally from Hevea 
in Brazil, but also from other genera of 
comparatively minor importance. * With 
demand increas ing ever bister than" supply 
and prices consequently sky-rocketing, it 
was perhaps inevitable that somehow Bra¬ 
zilian restrictions on the export of seed 
would be violated and the famed Para 
rubber tree introduced into colonial em¬ 
pires in other parts of the world. To Sir 
Robert \Vickhamjii J876 we nt the dubious 
distinction ol being the first to smuggle 
seed (with the connivance ol the British 
government) from thFTower Tapajos to 
England. In England, at the kew Gardens, 
some Hevea brasihensis s eeds, germinated, 
and eventually the seedl ings were carefully 
shipped tq Ceylon. From these few seed¬ 
lings, grown with little enthusiasm in 
Ceylon, eventually sprang the gigantic Far 
Eastern ru bber indu stry, spawning thou¬ 
sands of plantations today worth many 
millions of dollars, principally in Ceylon, 
the Malay area, and in Java and Sumatra. 
With cheap but good Far Eastern labor, 
efficient European management, economical 
plantation systems, intelligent breeding 
programs, and ideal climates and soils, it 
was not long before production centered in 
the Far East. Production from wild sources 
in the Amazon then languished. Indeed, 
until World War II cut off vital rubber 
supplies from the Far East in 1942, wild 
(and comparatively expensive) rubber col¬ 
lection in the Americas was a dying in-^ 
dustry* It remains to be seen whether 
production in the Americas will be perma¬ 
nently subsidized in competition with Far 
Eastern rubber by)governments now keenly 
aware of the tenuous nature of supply lines 
from the East in time of war. After World 
War II production came to center once 
again in British and Dutch possessions of 
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the Far East, with American reliance for 
emergencies placed not on established 
American plantations but chiefly on im¬ 
proved synthetic rubbers and stockpiling. 

Hcvea is nat ive to tropical .South Anier- 
ica, occurring in greatest frequency in the 
Amazon V alley. Wild species are found 
from I jolivia, e astern Peru, and Columbia 
eastward to the Guianas and the states of 
Maranhao and Mato Grosso in Brazil. The 
plants vary in size from small to very large 
forest trees as much as 150 ft. tall—typically 
of the lowlands and often standing in water 
for many weeks at flood season. The bark 
is smooth except where injured or tapped, 
and when cut yields a white or yellow latex. 
In some species the latex flows well; in 
others, scarcely at a]L_ The leaves are pal- 
mately conip qund . with a long petiole and 
three elliptic, petiolulate leaflets. Trees are 
monoecious, having separate male and fe¬ 
male flowers on the'same inflorescence. The 
flowers are small and inconspicuous. Bloom 
is ordinarily during the dry season. The 
fruit is a conspicuous three-lobed capsule 
containing large beetle-like seeds similar 
to the familiar castor beans. 

Hevea brasiliensis has been introduced 
into various parts of the world, including 
Central America and the West In djg s. east¬ 
ern Brazil (Bafa), Africa (particularly 
Liberia), Ceylon, the Malay archipelago, 
Sumatra, Java, and other East Indian local- 
ities^In most areas where introduced it is 
grown as a commercial crop under planta¬ 
tion conditions. In South America and 
parts of Central America and the West 
Indies, Dothidella disease, the South Amer¬ 
ican leaf blight, has made growing of the 
high-yielding strains developed in the Far 
East impractical. Breeding work is now un¬ 
der way to produce straii \s resis tant to 
disease but still possessing the high-yield 
characteristics of Far Eastern stock. 

Latex in Hevea brasiliensis contains on 
the average about 30 per cent dry rubber; 



A jcbong half spiral panel correctly tapped with the 

jcbong kuife. 


the rest, the se rum, is mostly w ater. The 
latex is found in nume rous latex vessels 
in the barL Since the Inner bark is corn * 
para lively "richer in this respect than the \ 
outer bark, to _obia in maximum yields in ’ 
tapping the bark must be cut as close to 
the wood as possible without injuring the 
delicate growth layer, the cambium. The 
latex vessels in the bark do not run exactly 
vertically, but spiral to the right at about 
a 30° angle from the perpendicular. Thus 
to obtain maximum yield in tapping, by ' 
cutting across as many latex channels as 
possible per unit of incision, a tapping cut 
should run from the upper left to the 
lower right, at a 30° inclination. Only in 
this fashion will the latex vessels be cut 
transversely and their severed ends occur 
in maximum frequency per centimeter of 
cut surface. The latex flows readily from 
the vessels severed in tapping, from dis¬ 
tances up or down .die trunk as far as 1 
meter from the cut. Flow is longer and 
faster (hence yields somewhat greater) in 
the cool of the morning than at midday 
or after. Consequently, plantation tapping 
starts at daybreak and ends by noon. Best 
yields are not obtained until the tree has 
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An Amazonas panel on a large Hevea nee. Amazon 

vallcv. 


been tapped several times. The inherited 
qualities of the tree, its vigor and physio¬ 
logical condition, and the season of the 
year, all have an effect on latex yields, as 
does the system of tapping. Under experi¬ 
mental conditions, and with pedigree trees, 
yields per tree of as much as one ton a 
year have been obtained. 

Tapping systems vary greatly in various 
parts of the world, reflecting chiefly the 
degree of supervision that can be given 
tappers. On the scientifically managed 
plantations, particularly in the East Indies 
and Malaya, "jebong" tapping is exclu¬ 
sively practiced. A special jebong knife of 
high-quality steel is used. This knife has 
a V-shape head sharpened on both edges, 
and The neck is so curved that with practice 
an easy, quick stroke from left to right 
will remove the proper thickness (about 1 
mm.) of bark. A typical opening cut at 30° 
inclination is made half way around the 
tree (half-spiral panel) or completely around 
it (full-spiral panel). Depending upon the 
vigor of the tree and the number and extent 
of panels opened, each day, every alternate 
day, or every third or fourth day, the tapper 



Sheeting Hrvea rubber. The soft coagulum is run 
first through smooth, then through corrugated 
rollers. 


progressively cuts another sliver (1 mm.) of 
bark from the lower edge of the cut or 
panel, severing the sealed ends of the latex 
vessels and renewing the How of latex. 
During the course ol a year about 15 cm. 
ol bark will be thus consumed. One side 
of a tree may be tapped for ten or twelve 
years before ground level is reached (assum 
ing the panel was started as high as a tapper 
could reach, six or more feet above the 
grounttyr'By that" time, if the’tapping was 
carefully done and the cambium not in- 
jured, a new bark will have formed over 
the tapped panel. This new bark is then 
ready for a second series of tappings. 
Usually two half-spiral panels, one high on 
one side, the other low on the^ther, are 
opened/on. a tree and tapped every other 
day. Low panels give better yields than high 
panels. During months of foliage the tree 
is given a rest from tapping, and at otherv 
times is provided with suitable fertilization 
and ground cover. 

Jebong tapping is seldom practiced wheie 
uneducated and unsupervised tappers scour 
the jungles for wild trees (in Brazil and 
other South American countries). In the 
Amazon Valley, wounds were originally 
made in the bark with small hatchets (the 
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Hevea latex from wild trees is emptied into re¬ 
ceptacle before being made into smoked-ball rubber 
like that at the left. 


"machadino" method), and the dripping 
latex collected by winding a vine about the 
trunk to conduct it to a container. Some-* 
times the latex was collected simply by 
letting it run down the bark into leaves, 
cavities, or whatever containers might be 
available at the base of the tree. By the 
time of the great rubber boom, small tap¬ 
ping knives with a U-shaped head (the 
Amazonas” method) had been introduced. 
In Amazonas tapping, a series of separate, 
parallel incisions are made, one each time 
the tree is tapped. Compared to jebong 
tapping, such a system is extremely waste¬ 
ful of bark, but it is still practiced along 
the backwoods “estradas” of the Amazon 
Valley. 

On rubber plantations latex is carefully 
kept free of bark or dirt. Before renewing 
the tapping tut (jebong system), the tapper 
pulls away all fragments of coagulated latex 
from the previous tapping, to be kept 
separate as scrap. A deqn, specially designed 
latex cu p is hung be low the lower end of 
the panel, from a support designed not to 
injure the bark. A small metal spout is 
inserted in the outer bark to conduct the 

L 



Smoke arises from cone over smoldering fire fed 
bv (his serinouero. Latex is at left and the partially 
completed smoked ball is at the right. 


latex to the cup. After tapping his "task" 
(designated number of trees), the tapper 
retraces his steps and carefully empties 
each cup of latex into a clean, covered pail. 
Latex cups are cleaned and inverted on the 
holder to avoid the accumulation of rain 
during the usual afternoon showers. In 
marked contrast, there is little organized 
care in wild-rubber regions: the latex, ac¬ 
cumulated in any kind of receptacle, often 
merely cupped leaves, is carried to camp 
in any available container or liquid-proof 
sack. 

Treatment of accumulated latex varies 
greatly, depending upon the locality, cus¬ 
tom, and use to which the rubber is to be 
put. On plantations, filtered latex is typi¬ 
cally coagulated with acid under controlled 
conditions and the coagulum is pressed thin 
and free of water through a series of roller 
presses, the last one of which is corrugated. 
The sheet of rubber so produced is then 
dried in a "smoke house" to become 
smoked sheet." The vapors from the se¬ 
lected woods burned in the smoke house 
(pyroligneous acid) and heat (about 45° C.) 
darken and preserve die rubber. Quality 
smoked sheet is translucent, free from im¬ 
purities, and remarkably durable. It is baled 
with waste or low-grade sheet wrapping 
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Freshly poured latex coagulating on surface of hall 
as it is held in the smoke. Amazon valley. 


for shipping lo the manufacturer. In recent 
times there has been an increasing tendency 
to centrifuge the latex at the plantation to 
an extremely concentrated form, treat this 
with an anticoagulant (ammonium hydrox¬ 
ide), and ship the resultant concentrated 
latex cheaply to consuming countries in 
large tankers. Sheeting and some handling 
costs are saved when this method is used. 

By contrast, in the Amazon Valley latex 
is coagulated over a smoky fire. After his 
morning rounds, the tapper, or a member 
of his family sits in a thatched hut beside 
the smoldering fire and tediously pours latex 
onto a paddle (flattened stick) held in the 
smoke. Each thin film of latex is coagulated 
by the smoke, and gradually there is built 
up a gigantic ball of rubber weighing up 
to 200 lbs. Such a yield may take several 
weeks and involve the tapping of many 
widely spaced trees. Smoked ball rubber is 
of excellent quality if the latex has been 
kept clean, in spite of the crude way in 
which it is produced, but it is questionable 
whether any quality in rubber is worth the 
human discomfort (especially smoke irrita- 



A completed smoked ball, almost ready for mar¬ 
keting. made by accretion of layer upon layer of 
latex poured over the stick and coagulated in smoke 


tion to eyes) attendant upon smoked ball 
production. 

Smoked sheet and smoked ball rubbers 
are marketed through lew (cultivated rub¬ 
ber from plantations owned by large rubber 
corporations) or many (wild rubber from 
individual tappers) intermediaries, the price 
offered varying with the grade. Graders 
base their decision largely upon moisture 
content of the rubber and frequency of 
impurities, but also consider uniformity, 
locality where produced, care in smoking 
and handling, and so on. The largest market 
for rubber is the United States, particularly 
Akron, Ohio, the center of automobile tire 
production. Most rubber reaches Akron 
through East Coast ports, primarily New 
York and Baltimore. 

Wild rubber reproduces itself, of course, 
from chance growth of unselected seed. 
Trees exhibiting great variations in yield 
will always be encountered under such con¬ 
ditions, and it is not uncommon to see 
certain Hevea plants left untapped after 
an experimental cut or two has shown 
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unsatisfactory yield. In the Amazon Valley, 
however, it is unusual, except in extremely 
inaccessible locations, to find Hevea trees 
entirely unscarred from previous tapping 
during one or another of the rubber booms 
(the most recent during World War II). 
Since 19-13 Hevea improvement programs 
have been carried on in which selected seed 
and cuttings from notably high-yield and 
blight-resistant wild trees have been taken 
to experiment stations in an effort to de¬ 
velop quality stock for this hemisphere. 

Recent years have seen attempts to 
strengthen Hevea rubber production in the 
American tropics. In Central America some 
success has been obtained with a small farm 
system of production. Each small landowner 
is encouraged to plant a few trees and to 
process the latex, simply, himself, thus 
earning a limited income supplementary 
to normal sources with little or no expense 
other than the time and effort involved. 
The final success of the program may well 
depend upon general distribution of strains 
of Hevea developed to resist Dotliidella 
disease. In the Amazon Valley a long-term 
cooperative attempt by the Brazilian gov¬ 
ernment and certain agencies in the United 
States has been initiated to establish planta¬ 
tions designed to bolster the economy of 
that vast valley. A few plantations have 
been started in recent years on the east 
coast of Brazil. What degree of permanent 
success any of these programs will have 
remains to be seen, but it appears likely 
that at best they can compete only modestly 
in the world rubber markets. 

On the plantations of the Far East, Hevea 
was early subjected to intensive selection 
for yield and other characteristics, and va¬ 
rious breeding programs were undertaken. 
Voluntary assessments on rubber shipments 
provided funds adequate to maintain a 
research staff of experts devoting their en¬ 
tire energies to improvement of rubber 
stock and growing and tapping methods. In 



Smoked-ball rubber being weighed and checked. 

Amazon vallcv. 


perhaps a shorter time than that in which 
any other wild plant has ever been domes¬ 
ticated and altered to man's convenience, 
the plantation rubber trees of the Far East 
were made far superior to the wild trees of 
the Amazon for furnishing latex. Average 
yields were increased far beyond the highest 
ever known in the wild, and techniques in 
growing, maintenance, tapping, and process¬ 
ing were standardized along the most effi¬ 
cient lines. No phase of rubber production 
was ignored, with the result that produc¬ 
tion became so efficient as to make it pos¬ 
sible to land rubber in New York at actual 
cost of less than four cents a pound. Ob¬ 
viously, wild rubber slowly and tediously 
produced in the Amazon Valley could not 
compete, and it is understandable how 90 
per cent of the world supply of rubber came 
to be produced on Far Eastern plantations, 
with annual bonuses of hundreds of thou¬ 
sands of dollars going to the plantation 
managers. 

In particular has botanical science per¬ 
fected means of propagating plantation 
rubber. Seedlings selected only for vigorous 
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growth are utilized for stock; on these are 
then budded trunks oi pedigree clones 
'elected for high yield. By t his me thod each 
bud ol the high-yielding tree can quickly 
become another tree with characteristics 
identical to those of the parent. In budding, 
a slit or slits are made in the bark of the 
stock and a lateral bud cut from the desired 
clone is inserted under the flap of bark. 
Careful binding holds this in place and pre¬ 
vents desiccation. After the bud has grown 
to the stock, the top of all branches of the 
stock seedling are cut off and the selected 
bud is permitted to eflect terminal growth. 
The trunk thus produced from the bud 
will have all the characteristics of the high- 
yield tree from which it caine. Even more 
elaborate is the method of production of 
double-budded trees in special plantings in 
the New World where South American leaf 
blight makes its inroads. The same pro¬ 
cedure described above is followed and the 
resulting high-yielding but not disease- 
resistant sapling is protected by spraying 
for a lew years. Then a bud from a disease- 
resistant (but not high-yielding) clone is 
budded to the top. There results a tree 
with vigorous root-stock from one parent, 
high-yielding trunk from another, and 
disease-resistant top from still another. Such 
a system of producing quality growing stock 
is obviously applicable only where skilled 
supervision is obtainable, and as yet has 
been practiced in this hemisphere only in 
government-sponsored projects. 

The rubber industry. The uses of rubber 
are legion. It is common knowledge that 
the annual production of 16 million tons 
(reached in 1941) serves to make a wide 
variety of products: stoppers, washers and 
gaskets, erasers, soles and heels, balls, bands, 
rollers, elastics, gloves, water-proofings, cush¬ 
ioning, wire insulation, and so on. The 
greatest use, however, is for pneumatic 
tires. A brief sketch of the processes in¬ 


volved in tire manufacture, the most im¬ 
portant use of rubber, may not be out of 
place here. Rubber is the only material so 
far discovered that is airtight, flexible and 
elastic, absorbent ol vibration, waterproof, 
adhesive, a nonconductor, and able to with¬ 
stand the prolonged punishment a lire must 
take. I he steps in making a tire involve 
first of all a preliminary cleaning and ma¬ 
ceration of the solid rubber received. This 
is then mixed with sulfur, carbon black, 
pigments, and certain other materials and 
thoroughly pulverized in huge "Banbury 
mixers." The compounded rubber is even¬ 
tually applied to tire cords-a tire cord 
being a tough fabric woven of cotton or a 
synthetic fiber. The cord is dipped in liquid 
rubber and thereafter sent through complex 
“calender" machines which press additional 
compounded rubber onto both surfaces. 
The rubberized cord is then cut into oblique 
sections termed plies. Several plies (four or 
six in ordinary passenger car tires) are ap¬ 
plied, one on top of the other, on a circular 
building drum, with each consecutive ply 
oriented 90° from the preceding one, just 
jpKhe gr ain of veneers is oriente d i n wak i n g 
plywoo d. To the top ply is added a thick 
coating ol wear-resistant rubber, which be¬ 
comes the tire tread. The plies, now formed 
into a barrel-shaped cylinder on the build¬ 
ing drum, are placed in a forming machine 
to be pressed into doughnut shape; then, 
still soft, in a mold resembling a huge 
waffle iron. It is there vulcanized or “cured" 
by steam for about forty minutes, assuming 
the outline, tread, and form dictated by the 
mold. In this process all the parts become 
fused into a single unit, the tire. 1 his is 
then cleaned and polished, coated or lu¬ 
bricated" within to prevent the inner tube 
from sticking, balanced, and inspected. 
Thereafter it is ready for sale. 

In the short time since its domestication 
some three-quarters of a century ago, rub¬ 
ber has had a tumultuous history. In 
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impact upon mankind has been pro¬ 
nounced, and its influence as turbulent as 
a gold rush. At the turn of the century, 
when the demand lor rubber began to grow, 
only wild rubber was to be had. So rapidly 
did the demand increase that at one point, 
during 1910. rubber for a moment reached 
the all-time high of S3.Of) per lb. Those were 
wild times up the Amazon. Thousands of 
miles inland from the sea the sweltering 
rubber city of Manaos was built on the Rio 
Negro near the Amazon, in the midst of the 
greatest uncharted forest belt in the world. 
Cost was no concern; a great opera house 
was erected there for which materials and 
talent alike were imported from far-off 
Italy. This remains today, gradually deterio¬ 
rating in a city surrounded on all sides by 
thousands of miles of jungle, as a gaudy 
reminder of an era of ephemeral Amazonian 
glory. Still told today in Brazil are many 
stories, true or otherwise, of this first rubber 
boom. One relates that strategic up-river 
spots (from which Indians in canoes laden 
with rubber could conveniently be shot in 
passing and their booty seized) sold for 
fabulous sums. But the decade of boom 
quickly ended before 1920, as the Far East 
developed the plantation system and by it 

produced more rubber than the world could 
consume. 

Up the Amazon, production is still by 
isolated, ill-fed, ill-clothed, ill-housed tap¬ 
pers or "seringueiros,” fending for them¬ 
selves in the jungle. These uneducated and 
usually exploited inhabitants of the unpopu¬ 
lated tropical forest are advanced supplies 
by distant merchants at exorbitant prices 
and pay for them in rubber which is usually 
undervalued because no alternative means 
of sale is possible far up the transportation- 
less jungle streams. The seringueiro opens 
his ‘estrada," cutting a path to the widely 
spaced wild Hevea trees. These he taps 
according to a haphazard schedule, inter¬ 
rupted by sickness, holidays, hunts for game 



Rafts of sniokcd hall crude ruhbci on a tributary of 

the Ama/ou. 


for food, and the like, l apping equipment 
is poor and techniques crude. The collected 
latex is tediously smoked over fire as has 
been previously described. Is it any wonder 
then that efficiently run plantations in the 
East have all the advantages for production 
at lower cost? Rubber trees on the planta 
tion are close together, open and accessible, 
and of selected high-yielding stock. Proper 
tools and techniques are available to manu- 




^ -w- w m - 


— — ¥ » X. 

liable labor. Labor costs are but a fractior 
of those in most of the Western world 
Transportation and the most modern me 
chanical equipment have been supplied 
from the industrialized portions of the world 
by British or Dutch owners with adequate 
capital. Scientific procedures and propel 
supervision are practiced. It is no wonder, 
then, that cost per pound of Amazon rub 
ber is far greater than that of the Far East. 

The efficiency of the plantation system 
led to low prices for rubber for several 
years during the early 1920s. From a high 
of over $3.00 per lb., rubber fell to as little 
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as 14 cents. As a consequence, British pro¬ 
ducer ol tltc Far East developed the so- 
called Stevenson plan, an agreement among 
themselves to restrict rubber production. 
Once again rubber prices rose, and a boom 
was on, at the expense ol the United States 
consumers, the world's foremost purchasers 
of rubber. Prices reached a peak of SI.23 
per lb., and an annual average of more 
than 70 cents per lb. in 1925. Then Amer¬ 
ican purchasers began to search lor their 
own lands for growing rubber, and the 
wily Dutch, not restricted by the Stevenson 
plan, began to match British production. 
By 1928 Britain was forced to repeal the 
restriction act, as their control of world 
production vanished. Rubber prices 
dropped at once, and by 1932 hit an all- 
time low ol 3 cents per lb. Then an inter¬ 
national agreement by the British, Dutch, 
and French once again established restric¬ 
tion quotas, but of a milder sort than under 
the Stevenson plan. Rubber prices were 
stabilized at approximately 20 cents per 
lb., where they remained until World War 
II. 

With the outbreak ol World War II, Far 
Eastern plantations quickly fell to the 
Japanese. Necessary rubber lor a mechan¬ 
ically fought war was cut oil. With only 
Ceylon, a portion ol India, and Alrica still 
producing plantation rubber for the Allies, 
every supplementary source of rubber was 
sought in desperation. Even though the 
development of synthetic rubber was des¬ 
tined to supply most of the war demand, 
a second tropical American rubber boom 
was on. I he Amazon Valley again lelt the 
flow of wealth, with the base price of rubber 
pegged at b() ccn u-p£r II)• by inter-American 
agreement. Untold equipment, supplies, 
and propaganda were delivered to the 
Amazon region by the United States, and 
scores of technicians were sent to South 
America to speed production. Trees bearing 
the scars of the first rubber boom tapping 


again felt the tapper's knife. But this second, 
milder, boom was certain to break as did 
the first. As soon as Far Eastern plantations 
were once again in Allied hands, world 
rubber prices dropped to the 15 to 30 cent 
per lb. level. Only sizable Brazilian tariff 
protection lor domestic rubber enabled the 
Amazon Valley to continue modest produc¬ 
tion during a hoped-for transition period 
lo plantation or small farm practices. With 
improved synthetic rubber available at only 
a lew cents greater cost than natural rub¬ 
ber, the Western world is not so vitally 
concerned about establishing plantations in 
this hemisphere as it might otherwise have 
been. With potential synthetic competi¬ 
tion always in the offing, it is likely that 
the world has seen its last great rubber 
boom. 

Discussion ol the rubber industry cannot 
be concluded without a few words concern¬ 
ing synthetic rubber. At the beginning of 
World War II, synthetic rubber was largely 
a curiosity in Allied countries. In the United 
States less than 8,000 tons had been made 
by 1911: by 1944 a million tons could be 
produced, sufficient to supply more than 
the normal peacetime demand for all rub¬ 
ber in the country. In those three war years 
American mechanical genius built up the 
rubber business to one ol the largest in 
the country. Chemists had long realized that 
rubber was a concatenation of hydrocarbon 
(compounds ol hydrogen and carbon) mole¬ 
cules, but they did not know (and do not 
know today) just how the molecules are 
put together. Experiment had shown, how¬ 
ever, that small known molecules such as 
isoprene could be strung together (poly¬ 
merized) to yield rubber-like substances 
(elastomers). Two small molecules known 
as butadiene and styrene, similar to iso¬ 
prene, were found capable of copolymeriz¬ 
ing to form an elastomer not identical with 
natural rubber but very similar to it. Both 
butadiene and styrene were found capable 
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of being readily made from coal, petroleum, 
or alcohol, all abundant in the North 
American economy. During the war, chem¬ 
ists found efficient ways to polymerize buta¬ 
diene and styrene. Catalytic polymerization 
in soapy water gave a latex. This latex was 
coagulated with acid and salt, filtered, dried, 
and transported to the factories. There it 
was mixed with small quantities of natural 
rubber from the prewar stockpile of a few 
hundred thousand tons (reduced by 1944 
to a mere 45,000 tons, sufficient for only 
two months' war production), to produce 
the vital tires and sealings for jeeps, tanks, 
and battleships. Various compoundings and 
additions of other materials have given 
elastomers of special sorts: such products 
as Buna N for self-sealing fuel tanks, Neo¬ 
prene for oil-resistant uses, Butyl for non¬ 
deflating inner tubes, and so on. 

Whether synthetic rubber will be able to 
compete with natural rubber in coming 
years, except for special uses, is problem¬ 
atical. Labor and material costs for making 
synthetic rubber have risen markedly in 
America since World War II, but these may 
be somewhat offset by improved technical 
means of production. Unrest in the Far 
East makes it impossible to predict at what 
level labor costs on the plantations will 
stabilize. Very likely labor will not again 
be as cheap as before World War II, al¬ 
though the very abundance of human 
beings in the Far East and the low standard 
of living would indicate persistent competi¬ 
tion for jobs. As the Korean conflict caused 
a sharp rise in the price of natural rubber 
many American synthetic factories were 
reactivated and civilian use of natural rub¬ 
ber was again restricted. But under normal 
peace-time conditions it seems likely that 
synthetic rubber will contribute only" a few 
hundred thousand tons annually for special 
purposes, and that tire fabrication will 

depend mostly on natural rubber from the 
Far East. 


World production of all rubber is nor¬ 
mally about 1.6 million tons. More than 
half of this, about 900,000 tons, is consumed 
by the United States; most of the rest by 
Europe. Before World War II 97 per cent 
of United States imports came from the 
Far East. Rubber has a permanent place in 
our economy, and should find a steady mar¬ 
ket; in fact, its use is likely to expand, with 
roads paved with rubber, floors and table 
tops of rubber, rubber-foam mattresses, and 
rubberized paints among the newer pos¬ 
sibilities. 

It may well be that eventually all rubber 
will be sent to the factory in the form of 
centrifuged latex, eliminating the bother 
of customary coagulation, smoking, and so 
on. Even at the factory the latex may come 
to be compounded as a liquid, to avoid the 
maceration and kneading now practiced. 
Improved methods of vulcanization will 
doubtless be developed, and already elec¬ 
tronic heat has shortened the vulcanization 
period of hard rubber twentyfold. Rubber’s 
future with man seems secure. 

Rubber-Yielding Species 
Lesser Importance. 

Panama Rubber, Castilla. Among the 
species of Castilla, of the Moraceae, were 
probably the first rubber plants noted by 
La Condamine as the “heve” of the Ecua- 
dorian_ Andes. Castilla is also the probable 
genus of rubber plants used by the Central 
American and Mexican Indians, and until 
the middle of the nineteenth century re¬ 
mained of far greater importance than 
Hevea. Some ten species occur from Mexico 
to Bolivia and Amazonian Brazil. Most 
important in the Amazon Valley is C. Ulei' 
most frequent in Central America is C. 
elastica, Panama rubber. The trees charac¬ 
teristically grow in drier habitats dian 
Hevea, and become equally large, with 
pronouncedly buttressed trunks. Leaves are 
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A felled and girdled Castilla rubber tree of the upper Amazon valley. 


oblong, simple, alternate, with encircling 
stipule scars. Flowers are individually small, 
in catkin-like clusters. The plant is monoe¬ 
cious. Latex vessels occur in the inner bark, 
and evidently do not anastomose. Unlike 

4 

Hevea, once the latex canals in Castilla are 
severed, they continue draining until no 
more latex is left in the tree. The tree then 
dies, or takes many months to recuperate 
sufficiently to allow a second tapping. Thus 
in practice trees are often tapped but once, 
and may be felled for this purpose. For 
this reason Castilla is uneconomical as a 
plantation tree in comparison with Hevea. 
In the wild. Castilla has been largely elimi¬ 
nated in accessible areas owing to felling by 
rubber gatherers. 

After locating the wild trees, tappers 
typically fell these forest giants and girdle 
them at intervals of a few leet in order to 
drain them completely of latex. One tree 
may yield several gallons of latex forming as 
much as 70 lbs. of rubber. Or, if not felled, 
the tree may be ascended by means of a 
climbing rope and a series of slanting 


gashes cut in the bark to drain the latex; a 
U-headed knife or a machete are the usual 
tapping instruments. The draining latex 
is collected in a suitable container, or, in 
backwoods areas, simply in a hole in the 
ground as it flows to the base of the tree. 
The quality of the rubber is regarded as 
lower than that of Hevea, owing more, per¬ 
haps, to generally poor collection practices 
that allow dirt to reach the latex than to 
inherent inferiority of the rubber. 

Manitoba, Manihot. The genus Manihot, 
of the Eupliorbiaceae, includes not only the 
invaluable cassava or manioc, staple food 
of many tropical peoples, but also a number 
of lactiferous species known as mani^oba. 
Principal species tapped for rubber are M. 
Glaziovii, the Ceara mani^oba of north¬ 
eastern Brazil; M. heptaphylla and M. 
piauhyetisis, Piaui mani^oba, also of north- *■ 
eastern Brazil; and M. dicliotoma, Jequic 
mani^oba ol eastern Brazil (southern Bafa)^ 
At least the first has been introduced into 
Africa and the Far East, but because of 
smaller size and lesser yields has never 
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Jcquid manicoba tapper and his son. (Courtcsv 
Economic Botany.) 

seriously competed with Hevea. All these 
species are native to Brazil’s semiarid “ser- 
tao, a region unsuited to more useful 
rubber plants. The mani^obas are small to 
medium trees with alternate, palmately 
lobed leaves, inconspicuous monoecious 
flowers, and fruit capsules much like those 
of Hevea. 

■ Manitoba latex is often more viscous and 
thus slower-flowing than that of Hevea. It 
is found in latex canals in the inner bark 
as in Hevea, and responds to similar tapping 
schedules. The horny outer bark is so 
hard, however, that jebong tapping cannot 
be practiced. With Ceara and Jequie mani- 
< ' oba ; V-tapping, open wounding, or a modi¬ 
fication of the herringbone system of tap¬ 
ping is practiced on the trunk, with latex 
collection in latex cups. With Piaui mani- 
<;oba, a hole is dug at the base of the plant 


and the root tapped, the latex draining 
onto a chalk-like powder used to line the 
hole to prevent undue adherence of sand. 
The quality of the rubber is good except 
for unavoidable impurities, but production 
is small and uncertain. When rubber prices 
were at their peak, manicoba tapping was 
profitable enough to cause extensive planta¬ 
tion planting in Brazil’s semiarid hinter¬ 
land, but competition ol Hevea from the Fat- 
East soon forced abandonment of these 
plantations. Desultory collection from wild 
trees, usually lor domestic and European 
markets, continued as the sole source until 
the recent rubber boom in South America. 

Guayulf , P m the mum . Purthenimn ar- 
gentatum, guayule. of the Com^ositae, is 
the only plant native to the United States 
that has been com mercially utilized !,„■, ,, h. 
ber. The species occurs in north central 
Mexico and Texas, where it i s found in 
semiarid locations. It was first described 
botamcally as recently as 1859. The plant 
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Guayulc plant, Pnrlhaiiiim argentatum. (Courtesy 
Chicago Natural History Museum.) 


is a slow-growing perennial about 2 ft. tall 
and lives many years. It has simpleTsilvery 
gray leaves and small heads of inconspicu¬ 
ous flowers. Rubber is found not in the latex 
canals but contained within the cells in all 
tissues. It is particularly abundant in the 
phloem and xylem rays of the stem and 
root. Extraction of the rubber is effected 
by cutting the plant, macerating the tissues, 
and separating the rubber thus freed by 
flotation in a liquid bath of proper density. 
By selection, the usual average yield of 7 
per cent of dry weight in wild plants can be 
increased to over 20 per cent or more. 

Guayule was first exploited for rubber 
during the first rubber boom at the turn of 
the century. German interests built several 
extraction plants in north central Mexico 
at that time, and these have been in opera¬ 
tion ever since. During the World War II 
emergency, the United States government 
undertook an elaborate investigation of 
guayule and its cultivation, but later largely 


abandoned the program as synthetic rubber 
became available. An immense amount of 
data, however, was accumulated, which can 
serve as a guide for efficient guayule-growing 
should a similar emergency re-occur. For 
most purposes guayule rubber is much 
inferior to that from other plants, owing to 
the high resin content. Ideally, the culti¬ 
vated plants should not be harvested sooner 
than four years from planting, since the 
rubber content increases with age. Produc¬ 
tion from wild sources in Mexico has 
averaged from 2,000 to 5,000 tons annually. 

Mangabeira, Hancornia. Hancornia spe- 
ciosa, of the Apocynaceae, is native to the 
sandy, flat-top coastal elevations or “tabo- 
leiros" of northern, eastern, and southern 
Brazil, extending to Paraguay. In peace¬ 
time, the latex of mangabeira is sought 
domestically, to some extent, for making 
rubber cement and, locally, for waterproof¬ 
ing cloth. With proper coagulation the 
latex yields a rubber, which is, however, 
of poor keeping properties and definitely 
inferior to Hevea, Castilla, and Manihot. 
During World War II it was in demand to 
augment the Allied supply of natural rub¬ 
ber. Mangabeira is a small, slow-growing, 
gnarled, and twisted tree, with simple, entire 
leaves and a soft bark. The flowers are at¬ 
tractive, white, fragrant; the edible fruit 
resembles a small persimmon and is eagerly 
sought as a delicacy when ripe. The plant 
has never been adapted to cultivation, how¬ 
ever. The several hundred tons of manga¬ 
beira rubber it was possible to procure dur¬ 
ing World War II came entirely from wild 
sources. 

The latex system of Hancornia bark 
must resemble that of Castilla, for one 
tapping serves to drain the tree thoroughly, 
and it cannot then be successfully tapped 
again for a few months. Normally, manga¬ 
beira is not felled in tapping as is Castilla, 
but is subjected to a series of V-shaped or 
inclined gouges or spiral channelings^ fol- 
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lowed by knife-edge cuts to the wood. The 
latex flows for several minutes. It is typically 
collected in latex cups stuck in the bark 
just below the tapping cut. The latex is then 
carried to a central depository, where it 
may be coagulated by boiling; by combina¬ 
tion with alum, salt, or other chemicals; or 
by fermentation. The coagulum is, pref¬ 
erably, pressed free of excess water and 
marketed at once, to prevent deterioration 
(tackiness). Production is for the most part 
by completely uneducated nomadic tappers 
who move from place to place in the deso¬ 
late taboleiros, since no one locality can 
sustain tapping for long. 

Landolp hia and Other Apocy.nacrous 
Vines. These vines of the Apocynaceae 
native to equatorial Africa were, foi a few 
years during the first rubber boom, a modest 
source of rubber. L. kirkii, L. hcudelotii, 
and L. owariensis are reported to be the 
most utilized species. The plants are large 
jungle vines, which must be cut at ground 
level and the draining latex collected, or 
pulled down and segmented and the exud¬ 
ing latex trapped. Either way, the plants 
are, of course, killed in the process; and 
under such a system it could not be long 
before production ceased. The latex pro¬ 
duced is crudely coagulated by heat, fer¬ 
mentation, or utilization of plant juices 
(acids). 

Extraction of Landolphia latex involves 
one of the blacker episodes of rubber’s his¬ 
tory. It is said that during the height of 
Africa’s wild-rubber boom, Leopold’s gov¬ 
ernment gave procurement concessions to 
ruthless groups who “taxed” peaceful tribes 
ever-increasing quotas of rubber. If quotas 
were not met women were taken, men were 
mutilated, and chain-gangs roamed the 
jungles until death relieved members of the 
ceaseless search for latex. Purportedly after 
the rubber boom, the Belgian Congo had 
many thousands of mutilated natives, part 
price for a few thousand tons of rubber. 



Herring-bone tapping of a large mangabcira tree in 
northern Paraguay. (Courtesy Economic Botany.) 


Palay Rubber, Cryplostegia. Two species 
of Cryplostegia, of the Apocynaceae, have 
been introduced into the New World from 
Madagascar: C. grandiflora and C. ma da gas- 
car iens is. These, and natural hybrids of the 
two, have at times seemed potentially use¬ 
ful as } a rubber source. The plants are 
rapid-growing tropical vines with large, 
showy flowers. Latex is usually gathered by- 
cutting off the tips of the growing stems and 
collecting the small amounts which then 
exude from the latex tubes of the bark. 
Chemical or mechanical extraction from all 
parts of the plant is also possible. During 
World War II, the Board of Economic 
Warfare initiated an elaborate Cryptostegia 
plantation project in Haiti for emergency- 
production, against the advice of experi¬ 
enced rubber growers and with disappoint¬ 
ing results. 
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Russian Dandelion, Taraxcum. Tarax- 
nnn hoh-saghyz, the Russian dandelion or 
chew-root, is a potential source of rubber, 
discovered in Russia in 1931 and introduced 
into the United States in 1912. It much 
resembles the common dandelion (which 
also contains a latex). Selected strains of 
Taraxcum can be made to yield several 
times the average latex quantities of or¬ 
dinary stock. The plants are dug up at 
maturity and the latex extracted from the 
tuberous root by crushing and maceration. 
The rubber produced is said to be of good 
quality (root rubber only). Some success has 
been reported in the use of this plant as a 
rubber source in Russia, but in this country 
difficulties in economical propagation, 
handling, and manufacture have prevented 
its utilization except on an experimental 
basis. 

Other Ruiuh r-Producing Plants. Vari¬ 
ous goldenrods, Soli da go (Compositae), have 
been experimented with as rubber plants, 
originally by Thomas Edison. It has also 
been shown that a number of Temperate 
Zone milkweeds, Asclepias (Asclepiadaceae), 
are capable of producing rubber. In the 
tropics, Ficus (Moraceae), Funtumia (Apo - 
cynaceae), and Euphorbia (Euphorbiaceae) 
have at limes held promise and have given 
commercial production of minor impor¬ 
tance for short periods; but high costs and 
technical difficulties have prevented any 
widespread commercial utilization of these 
and many other lactiferous genera. 

Balatas 

The term balala may be broadly applied 
to several latex products which are neither 
elastic nor resilient upon coagula tion. Such 
products as chicle (chewing gum), gutta¬ 
percha, juletong, and various other tropical 
‘'batatas" all fall into this category. But only 
chicle is of large-scale importance; conse¬ 
quently, the discussion here will be con¬ 
fined mostly to the chewing gum industry. 


Chicle, Achras zapota. Chicle, nispero, 
sapodilla, and chewing gum are among the 
more than twenty vernacular names used 
lor the species in Central America. Origi¬ 
nally the peculiar balata utilized for chew¬ 
ing gum, hard and brittle until masticated, 
came exclusively from several strains of 
Arinas zapota (and other doubtfully dis¬ 
tinct species of the genus), ol the Sapo- 
taceae. A. zapota occurs scattered through 
Central America, the West Indies, and 
northern South America, in greatest fre¬ 
quency in the Yucatan peninsula of Mexico 
and Guatemala. It has also been widely 
planted throughout the tropics for its edible 
fruit (sapodilla). Exhaustion of the acces¬ 
sible stands in the Yucatan area, a result 
of excessive tapping, has made necessary the 
procurement of latex from other sources to 
supply chewing gum demand and supple¬ 
ment the diminishing production of true 
chicle. Several other latices behave much 
like that of Arinas, including Couma, Stem- 
madenia, Tabernemontana, Thevetia, 
Plumeria, and Cameraria, of the Apocyna- 
ceae; certain species of Calocarpum, Sider- 
oxylon, Dipholis, Bumelia, Lucuma, Chry- 
sophyUum, Manilkara, and Mimusops, of 
the Sapotaceae; Castilla, Brosimum, Pseu- 
dolmedia, and Ficus, of the Moraceae; and 
Jatropha, of the Euphorbiaceae- all indi¬ 
genous to the New World. 

Achras zapota in the wild is a large, 
smooth-boled tree of the rainforests up to 
•1 ft. in diameter. It possesses alternate, 
elliptic leaves and inconspicuous, perfect 
flowers. The pear-like fruit is esteemed by 
tropical peoples; it is eaten uncooked. Latex 
ol A. zapota occurs in a series of canals or 
vessels in the inner bark just as do latices 
of rubber. It was first extensively used as a 
masticant after attempts to vulcanize it 
during the first rubber boom failed but 
revealed the ease with which it could be 
compounded with adulterants, sugars, and 
flavors. The superiority of chicle to Tern- 
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Chicltw tapping a chicle tree. Note bag below 
lowest cut into which latex drains. (Courtesy Eco¬ 
nomic Botany.) 


perate Zone spruce and cherry gums was 
quickly recognized, and within half a cen¬ 
tury raw gum in annual quantities of 7,000 
tons was being imported into the United 
States to supply a chewing gum industry 
valued at hundreds of millions of dollars. 

Wild chicle is tapped by “chicleros" who 
invade the tropical forest during the rainy 
season (July to February in the Yucatan 
area). These tappers must be skilled in the 
use of the machete and the climbing rope 
for the trees are tapped the entire length 
of the trunk by a series of zig-zag gashes, 
made with a sharp machete, half encircling 
the tree. On older trees the harder outer 
bark may be first scraped away, to facilitate 
the more exacting work of channeling to the 
wood. If the tapping is carefully done, with¬ 
out too much injury to the bark, the scars 
heal and the tree becomes available for 
mure tapping some years later. Careless 



Scan from first lapping of a tvpical sapodilla tree. 
Aclira* zapnla. Cuts near base of iree indicate where 
it was first tested for yield. (Courtesy Economic 
Botany.) 


and over-severe tapping, however, kills a 
goodly number of trees annually. During 
tapping the latex spills through the series 
of guiding gashes in the bark and is chan- 
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at the base of the tree into a convenient 
vessel, usually a skin or canvas bag. Yields 
may be as high as (iO lbs. of latex from one 
tree; the average, however, is 2 to 10 lbs. 
Just as with Hava, tapping must be done 
in the early morning, roughly from day- 
bleak until noon, for not enough latex to 
make collection worth while is obtained 
after noon, as temperatures become warmer. 

spent in locating 
trees for the next day's tapping. In locating 

new trees, a sample cut is made to determine 
whether or not profitable yield can be 
expected. 1 tees untapped but test-marked 
are frequently found in the forests; these 
aie inferior specimens. 

Collected latex is assembled at a nearby 
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Chiclero village. Main street in Carmclita. Peten. 
Guatemala. (Courtesv Economic /loitmy.) 


camp, usually located in a lowland area 
near a source of water. Water is needed not 
only for personal use by the tappers, hut also 
in the molding of the latex. Ordinarily the 
latex is brought in the same day the tapping 
takes place, but collection sacs may be left 
on the tree until the next day if no danger 
of afternoon rain exists. After sufficient 
latex is secured, it is cooked in large 
cauldrons over an open fire, usually once a 
week. This boiling down ordinarily takes 
about two hours, during which time the 
latex is stirred continuously. When it has 
become thoroughly viscous it is removed 
from the fire and further worked until 
nearly firm. It may then be molded by hand 
into blocks, soap and water being used 
freely to prevent it from sticking to the 
hands or to utensils. The blocks of coagulum 
contain 40 to 50 per cent moisture at this 
stage, but further drying reduces moisture 
content to 25 to 35 per cent by the time they 
are ready lor shipping. 

Chicleros, in their own way, are almost 
as unusual a type as was the North Amer¬ 
ican lumberjack. They usually seek their 
fortunes in the jungle by facility in grub¬ 
staking or by advances from local contrac¬ 
tors. At the end of the season they repay the 
advance in chicle (at extravagant interest 
rates), or, if not in debt, are remunerated 
according to the poundage of chicle col¬ 


lected. Several chicleros usually go into the 
jungle as a team, for help and companion¬ 
ship in the setting up of thatched huts, 
processing latex, and other tasks. They live 
simply, on a fare of rice, beans, and ground 
maize, plus whatever game can be secured. 
Conditions are difficult in the wet, malarial, 
insect-infested lowlands, but remuneration 
is high in comparison to that of other work 
obtainable in the area. A skilled tapper may 
obtain as much as a ton of chicle in one 
season, worth 12 to 35 cents a pound, a 
lordly income for labor in the “backwoods” 
of Central America. At times, so great has 
been the lure of the chicle jungle that not 
enough labor has remained at home to grow 
crops, with a resultant scarcity of food and 
higher prices. Moreover, the comparative 
luxuriousness of chiclero income permits 
idleness in the nontapping dry season and 
extravagant spending, which perhaps have 
an unwholesome effect upon the economy of 
a once industrious people, largely of Indian 
stock and skilled in crafts. 

The chicle industry is today in the same 
chaotic state as was the wild rubber industry 
before rubber plantations were developed 

in the Far East. The svstem of extraction 

/ 

encourages highest yields at any cost to 
future supply or maintenance of the stand, 
so that conservation (careful and judicious 
tapping) is seldom practiced. Scientific 
means of propagating, tapping, or improv- 
ment of stock have not been widely at¬ 
tempted. Trees occur on undeveloped gov¬ 
ernment lands leased out as concessions, a 
system less conducive to long-term conserva¬ 
tion than to immediate profit. No central¬ 
ized processing stations have been organized, 
nor have any attempts been made to super¬ 
vise tapping by the uneducated chicleros. 
Moreover, Acliras zapota appears to be less 
adaptable to plantation growing than is 
Hevca, particularly since it can be tapped 
only infrequently (at two-year intervals 
under the present system). With world 
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demand for chicle considerably less than 
that for rubber, it is likely that supply will 
continue to come largely from wild sources, 
with progressively greater utilization of 
other genera as Achras becomes increasingly 
scarce. 

Almost the entire world demand for 
chicle comes from the United States. In 
American factories the gum is purified by 
crushing and washing, then melting and 
centrifuging. To this base of pure chicle 
are then added varying amounts (up to 95 
per cent) of natural or synthetic adulterants. 
Powdered sugar, corn syrup, and flavor are 
added and blended in huge mixers. The 
mixture is extruded from a "kneader” as 
a thin sheet, which is in turn automatically 
cut and packaged to yield chewing gum, a 
social nuisance particularly peculiar to the 
United States. 

Gutta-Percha, Palaquium. Palaquium 
gulia and perhaps other species and genera 
of the Sapotaceae yield the balata known 
as gutta-percha. The tree is indigenous to 


Malaya, and is now distributed throughout 
the Far East. Latex is collected much as 
with Costilla, usually by felling and ringing 
the tree. The latex coagulates naturally, 
and is then washed and purified. The re¬ 
sultant balata readily deteriorates in air 
through oxidation, but is extremely resis¬ 
tant if kept under water. Inasmuch as it is 
also a very good nonconductor of electricity, 
is has been much used for marine cable. 

Juletong, Dyer a. A few species of Dyera, 
principally D. costulata, of the Apocynaceae, 
yield the balata known as juletong. Prob¬ 
ably also involved are species of Alstonia 
and Rauwolfia. All these species are Far 
Eastern. D. costulata, indigenous to Malaya, 
is reported to be one of the best-yielding of 
all lactiferous plants. Shortly after the turn 
of die century, juletong was utilized to 
produce a very poor grade of rubber (75 to 
80 per cent resin; 19 to 24 per cent rubber). 
Since that time it has been imported into 
the United States as an adulterant and 
substitute for chicle. 
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CHAPTER 9 


Pectins, Gums, Resins, Oleoresins, 
And Similar Exudates 


A CHAPTER ON EXUDATES, AS THIS ONE IS, 
must deal briefly with a hodgepodge of mis¬ 
cellaneous true gums, related pectic ma¬ 
terials, and various resinous products. Few 
of these products are of great commercial 
importance, and almost none are derived 
from widely cultivated plants. Conse¬ 
quently, as always where dependence is 
largely upon wild sources, there is apt to 
be unpredictable supply, inexact quality 
specifications, and intermittent or uncon¬ 
trolled production. Pectic and gum-like 
exudates and extractions may be secured 
from certain commercial fruit wastes or 
from the wild, and are chiefly utilized for 
adhesives and sizings. Resinous plant prod¬ 
ucts come almost entirely from wild 
sources. They are typically: (1) dissolved in 
suitable solvents to form coatings (varnish), 
(2) formed into plastic-like substances, (3) 
chemically altered to make soap or similar 
materials, ( !) sometimes used as fillers or 
sizings, and (5) utilized in small quantities 
for medicinal purposes. For the gums there 
is no outstandingly important source plant, 
although a recent trend toward widespread 
chemurgic utilization of pectic materials 
derived from several vegetable sources per¬ 


haps foreshadows considerable commercial 
interest in them. In the discussion of the 
utilization of gums and gum-like materials, 
pectins will receive chief emphasis. Mention 
ol the various wild gums entering com¬ 
merce in greater or lesser quantities will 
follow. 

Among resinous products from natural 
sources, chief attention will be directed to 
the oleoresin crude turpentine, which 
actually consists of both resin and essential 
oil. Turpentine is perhaps the most im¬ 
portant “resin” in the world, and by all 
odds the most important nonsynthetic resin 
produced in the United States. 

Gums and Pectins 

Gums and pectins occur naturally as 
cementing substances between cells (middle 
lamella), or as decomposition products of 
cellulose, usually in tissues undergoing dis¬ 
integration.* They might thus have been 
equally well discussed in Section I, with 
products of the plant cell wall, as here, with 
exudates. Agar and alginates, similar 
hydrophilic colloids, are extracted from 
cell walls and coatings of seaweeds^Gums 


• Often, it is believed, as a result of bacterial or fungal action. 

201 


PECTINS, GUMS, RESINS, OLEORESINS 


205 


are noncrystalli ne car bohydrate-organic 
acid mixtures,^usually including a rabmo se. 
galacto se, and vari ous sugars . They are 
water-soluble in varying degrees, or at least 
imbibe quantities of water, but are_usually 
insoluble in common reagents such as alco¬ 
hol, ether, and various oils. They will char 
but not burn freely as do resins. In many 
plants, gum s exude natura lly Trom stems, 
roots, or leaves, and mother cases they are 
produced in quantity’only when the plant 
is bruised or wounded. In the latter case 
the gums exude from the lesions so pro¬ 
duced. Gums may serve the plant, if at all, 


in hair lotio ns, wave-setting preparations, 
and the like. In the paint industry , hydro¬ 
philic colloids serve as th icken ers, emulsi- 
fiers, stabilizers, or even as film-formers or 
binders, particularl y in water (“casein”) 
paints. Preparation of cotton yarn for die 
looms often involves use of gums to stiffen, 
toughen, and bind the fibers. Rayon and 
nylon may be similarly sized, and a great 
many textiles of all kinds are “finished” 
with gums or dyed from pastes formulated 
with gum. Many gum s provide bod y and 
bulk to foodstuffs—commercial ire cream is 
a notable exam ple. Gums may also serve as 
as a seal over wound s, as a mild antiseptic, paper size, in form ulation of adhesiv es, as 
or in chemical and ph ysical retentio n of “ plastic” coatings, and in many other ways . 


water, thus enabling tje plant to resist 
dessicado n in dry habitats. Pectins seem 
to belargely cementing substanc es bind¬ 
ing adjacent cell walls, but they may also 
be effective in water retention. They occur 
with greater or lesser frequency in all parts 
of the plant. Exploited gums come largely 
from tropical and subtropical species of 
the Leguminosae. Pectins have been com¬ 
mercially extracted for the most part from 
citrus rinds and from the apple pomace 
residue of cider mills. Agar is perhaps the 
best-known se aweed produc t. 

Gums find a number_of uses in industry. 
The finer grades are utilized in clarification 
of liqueurs, “finishing” of silk, and prepara¬ 
tion of quality watercolore. Intermediate 
grades are used in c onfections , pharmaceu- 
Ucals, and pri nting inks ; as a size; and in 
certain dyeing processes. Least costly grades 
go into commercial: emulsions, inks, 
matches, and sim ilar produ cts. In cosmetics 
and pharmaceuticals • gums serve to pro¬ 
tect and soothe membrane? and skin 
(demulcients, emollients), oHo emulsify or 
bind mixtures in Creams, lotions, onSHts. 


1. Commercial pectins. Uses of pectins 
are many, and are on the increase. The 
most common and by far the most familiar 
use for high methoxyl types is in the making 
jellies and marmalade s, to insure jelling. 
Less well known is the similar use of pectins 
in many other foo d prod ucts, in phar¬ 
maceuticals, cQs m&l ks , med ic in es, textile 
sizing, adhesives, certain rubber latices, steel 
hardening, fibers and films, and so on. 
Candy gum drops, formerly utilizing tough 
gum_ arabic, are now frequently made of 
softer, cleareL_pectin. Ice creams and sher¬ 
bets utilize considerable quantities of pectin 
as stabilizers, and sodajfountain syrups or 
crushed fruits have pectin added to them as 
a thickener. In any juice or frozen food, 
pectin not only thickens but also helps pre¬ 
vent gr anulatio n, crysta lliza tion, or separa- 
tion _of_pulp. In tomato juice and catsup, 
pectin adds viscosity and improves appear- 
ance. In salad dressing, pectin assists in 
s tabiliz ation and em ulsific ation. Ills simt 
la rly useful as an em ulsificant in dairy” 
products, such as cheese and inilfTiTbakery | 


oration of the solvent“raakes them useful ^ ?! retains JH 01stu l ' e as we ll, prevent- 

■^^Tthe gum , H r ,n $ qUlck i& lin Ta- pharmaceuticals and 

mosi ot the gums to be discussed are lisrivl in nu \ 

*cu are listed in the Pharmacopoeia and the National Formulary. - 
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A crop of apples in Switzerland, destined for cider manufacture. The residues of 
eider mills arc an important source of pectin. (Courtesy Economic Botany.) 


cosmetics, pectin chiefly serves as a jellifier, 
pmjJ sifter, or bituier. It has been so em¬ 
ployed in dentifrices, salves and pastes, cos¬ 
metic creams and lotions, and as a hinder in 
pills. As a medicinal, pectin has been uti¬ 
lized to alleviate both diairliea anclcoi ystipa - 
tion. It has also been used in treatment of 
burns or soft tissue wounds, and to check 

it has served as 
adhesive, pectin 
to take effective 
hold on glass and metal as well as on wood 
or paper. Cigars are commonly tip-treated 
with pectin. For adhesives, a preservative 
is usually compounded with the pectin. In 
the “creaming" of rubber latex, pectin is 
useful in coating the rubber particles and 
causing their separation from the nonrubber 
constituents. In cpicnch-hardening of steel, 
().') per cent to 1 per cent pectin solutions 
impart a range of hardness from brittle to 
tough. Pectins would seem to have con¬ 


siderable potential use for dip-coated plas¬ 
tic-like seals around certain types of food 
(such as meats and preserved fruits), or as 
fibers analogous to ravon. 

Pectins for this diversity of industrial 

/ 

uses come chiefly from citrus and apple 
wastes. Vet pectm^ is so common a con¬ 
stituent of plants, particularly fruits, that 
there exist many possible sources. Potential 
tropical souices include the guava (Psidium: 
Myrtaceac), the pink shower pod (Cassia: 
Leguminosae), and possibly other fruits, 
such as mountain apple and Surinam cherry 
(Eugenia: Myrtaceac), soursop (Anonna: 
Anonaceae), carambola (Averrlioa: Oxali- 
daccae), tamarind (Tamarindus: Legumino¬ 
sae), natal plum (Carissa: Apocynaceae), 
and pomelo (Citrus: Rutaceae). Equally 
promising is the waste pul p Irom_the.mak- 
ing of cassava (Manihot: Euphorbiaceae) 
root starch, which possesses a high pectin 
content. Of temperate and semi temperate 


heeding. Bacteriologically 
jre medium. As an 
products have been found 
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sources, most important are apple pomace 
(Malus: Rosnceae), which contains up to 
2.5 per cent pectin; and lemon and orange 
pulp and grapefruit waste (Citrus: Ruta- 
ceae), which contain up to 5.5 per cent. A 
great many other fruits contain considerable 
pectin, as evidenced by the natural jelling 
of various fruit jellies. 

Commercial pectins are generally ex¬ 
tracted by mild ac id hydrolysis under con- 
trolled temperatures, times, and p H, which 

converts water-insoluble forms to the water- 

_ * 

soluble state. The resulting liquor is clari¬ 
fied by enzymatic hydrolysis of any starch 
present, decolori/ation with carbon, and 
filtering with filter-aids. The pectin is then 
precipitated with alcoho l or col loidal alu¬ 
min ium 'hydro xide. Drying, grinding, and 
standardization follow, with the final prod¬ 
uct being marketed either in powder or in 
liquid form. In recent years more than 
3,000 tons of pectin have been produced 
annually in the United States, offering 
serious competition to the various water- 
soluble gums imported (amounting to about 
13,000 tons annually). Wheth er dom estic 
pectins will be able to invade the domain 
of exotic natural gum imports from cheap 
labor regions still further depends largely 
upon further perfections of and economy 
in chemical extraction and processing. It is 
likely that increased use of pectin as a 
plastic-like material will expand the de- 
mand for it. 

2. Gums • Gum_^rabic. Gum arabic is 
derived from a few wild species of Acacia 
fLeguminosae) native to, and often the most 
abundant plants of, the dry, sandy, thorn 
scrub areas of NorthAfrica, Anibia, and 
India. Most important is A^ Senegal (A. 
verek, A. arabica?), a small, gnarled, thorny 
tree growing to heights of about 20 ft. in 
rather heavy stands in the semiarid j^tions 
of Africa north of the Senegal River. The 
tree is often also cultivated over much of 


North Africa. A. Senegal possesses a gray 
outer bark and a fibrous inner bark; hooked 
thorns on the branches; “feathery" bipin- 
nate leaves 3 to 4 cm. long; small, yellow, 
spikate flowers; and a prominent, flat 
legume containing significant amounts of 
tannin. The trees are tapped at the close 
of the rainy season (winter to early sum¬ 
mer) when leafless, by incising the outer 
bark with a small hatchet and peeling strips 
of this bark away. A viscous exudation 
forms as tear-like blobs upon the exposed 
underbark, probably a result of fungoidal 
infection. These exudations, after they have 
hardened on the outside, are collected by 
hand, about once every ten days. On the 
average, trees yield about 150 g. of gum per 
annum. The fragments are further cleaned 
of adhering debris, and usually bleached in 
the sun. Gum from the Sudan is typically 
brought to buying centers by camel train 
and sold at government auction. 

Gum arabic has an empirical chemical 
formula similar to that of cane sugar, and 
upon hydrolysis yields arabinose, which is 
largely insoluble after precipitation and 
drying. The odorless and .tasteless gum is^ 
widely used as an adhesive, in con feet inns — 
polishes^ inks, sizes, and medicinal s. No/ 
estimate is available as to how much gunt 
arabic is utilized for various purposes in 
this country, but no more than 5,000 tons 
are ordinarily imported by the United States 
annually. As much as 25,000 tons have 
been exported in one year from the Sudan, 
more than three-fourths of which went to 
Europe. Various adulterants, such as the 
gum of Prosopis, are frequently mixed with 
true gum arabic. Gum arabic has been 
utilized by man since before the birth of 
Christ. Apparently it served ancient Egyp¬ 
tians as a glaze in painting, and it was later 
mentioned in the works of Theophrastus, 
Celsus, Dioscorides, and others. The name 
gum arabic" is reported to have been . 
coined by Dioscorides. 


PECTINS. GUMS, RESINS, OLEORESINS 



Mutation of gum arabic at point of tapping. Kordofan. Sudan, Africa. (Courtesy 

Economic Hot mix.) 
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A camel caravan passing date palms in Iran. Resins and gums of older times 
were frequently carried in this fashion. (Courtesy Chicago Natural History 


Museum.) 


Other African gums derived from various 
species of Acncia, often including the same 
species as yield “true” gum arabic (but 
marketed under different local names), in¬ 
clude Sudan or Kordofan gums, Senegal or 
Berbera gum, Sunt gum, Suakim or Tahl 
gum, and many other local types, all ex¬ 
tracted in the manner described for gum 
arabic. Cape gum is obtained from A. karroo 
(A. horrida) 'and A. girafjac, of South 
Africa. A. arabica, A. modesta, and other 
species yield Indian gum arabic. An Aus¬ 
tralian gum derived from A. decurrens and 
several other species is marketed as Wattle 
gum. All in all, much confusion exists as to 
the botanical identity of the various Acacia 
gums entering commerce, and grading 


and use reflect more closely handling 
methods and shipping source than inherent 
differences between the gums of different 
species. 

Gum Tragacanth. Gum tragacanth is 
an exudate derived from several species of 
Astragalus (Lcguin iuosae) native to western 
Asia ancTsoutheastern Europe. Most im¬ 
portant commercially is A. gummifer of 
Asia Minor. This plant is a low perennial 
shrub with persistent spiny petioles. Some 
secretion of the gum occurs naturally, but 
secretion is increased by intentional injuiy 
to the bark. The gum exuding from the 
wound is collected by hand after hardening. 
It is typically opaque, not translucent like 
gum arabic. It may form as “flakes" from 
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Selecting and sor.ing Karaya gum. Bombay. India. (Courtesy Economic Botany.) 


lower trunk or root incisions, as drops or 
teats picked front the edge of wounds, or 
as long strands extruded from the tips of 
severed twigs. Sometimes the foliage is 
burned from the plant to "sicken" it for 
higher yields, but such drastic treatment 
frequently kills the shrub. Collection 
usually takes place from May to September. 
The gum is chiefly produced in Iran from 
wild plants, and marketed through Bagh¬ 
dad. It is widely imported into Europe fo r 
use as a si ze and adhesive and in medi cinals. 
but im PO«s to the United Statesld^m 
amount to more than 1 or 2 thousand tons 
annually. 

Karaya Gum. Gum karaya (gum Kadaya, 
katilo, kullo, kuteera, bassora, Indian 


tragacanth, India gum) is the dried exudate 
from Steveitli£ urev s (Sterculiaceae), of 
India. It is similar to tragacanth but 
cheaper, and has been much used in t extile. 
cos pietic 1 _ t' ind food indust ries within the last 
half century. Imports to the United States 
m 1939 amounted to about 1.000 tons. 
Stercuha mens is a tree about 30 ft. high, 
found chiefly in the central provinces °of 
India. The trees are tappctUuring the dry 
season, particularly March to June. Several 
mcisions^orjilazes about 2 ft. long are made, 
often to the heart wood, from which the 
gum oozes. This is collected in tear form as 
it hardens, often as an odd job or when 
other work is scarce. Marketing is through 
Bombay. Certain Afri can and other -Uhiti r 
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species of Sterculia yield similar gums of 
limited importance. 

C.hatti Gum. Gum ghatti (ghati, Indian 
gmn) is the exudate from the stem of 
Anogeissus lalifolia, of the Combretaceae, 
native to India and Ceylon. The tears of 
gum are collected in late spring. Uses of 
ghatti gum are the same as lor gum arabic. 

Locust Bf.an Gum. Locust bean gum 
(carob gum, St. John’s bread, swine s bread, 
gum hevo, gum gatto, jandegum. lakoe gum, 
lupogum, luposol, rubigum, tragon, trago- 
sol) is derived from the fruit of the carob 
tree, C eratonia siliqu n, of the Leguminosae, 
widely grown in the Mediterranean area. 
The legumes are rich in sugars and protein, 
and have been used since ancient times for 
cattle and* human food and fermented 
beverages. Up to a thousand tons of the 
pods are imported annually into the United 
States, mostly for use in the curing of to¬ 
bacco, but another I to 2 thousand tons 
of extracted gum is also imported annually. 
To obviate bulky shipping, the gum is ex¬ 
tracted in Europe from the seeds, hollowing 
a process of sun-drying the pods. About 35 
per cent of the seed is gum, and about 10 
per cent of the legume is seed. Extraction 
typically involves dehulling, perhaps partial 
crushing, roasting (at about 150° C.), boil¬ 
ing lor a few hours in water, and evapora¬ 
tion of the resultant solution to yield the 
brittle gum, consisting largely of mannose 
with lesser concentration of galactose. Lo¬ 
cust bean gum is used in [lapermak ing, and 
as a stabife^inJoocLprocIucts. 

Similar to locust bean gum are certain 
other hemiccllulose gums obtained by much 
the same basic method of extraction, from 
flaxseed (Linum usitatissimum: Linaceae), 
psyllium seed (Plantago psyllium: Planlagi- 
naceae), quince seed (species of Pyrus or 
Cydonia: Rosaceae), and iceland “moss" 
(Cetraria islandica: a lichen). 

Guar. The guar plant, Cyamopsis tetra- 
gonoloba (Leguminosae), yields a manno- 


galactan gum similar to locust bean gum, 
usable in food, paper, and textile products' 
Guar is an annual plant recently introduced 
into the United States from India. It is 
drought-resistant and suitable for cultiva¬ 
tion in the semiarid southwestern United 
States. It is amenable to mechanized plant¬ 
ing and harvest, and already improved 
strains have been developed. Guar thus 
oilers hope of a standardized and control¬ 
lable domestic source of this gum, which 
heretofore has largely been obtained in 
haphazard supply from the seed of the 
carob tree. 

The guar plant grows 3 to fi ft. tall, and 
bears trifoliolate leaves and large"clusters 
of pods. Each pod contains f> to 9 seeds, 
long utilized in India for human food; it 
is also the source of the gum. The gum is 
extracted from the endosperm after milling 
has removed outer coatings of the seed. 
Because guar is drought-resistant, a good 
summer crop (alternated with a winter crop 
in Arizona and California), and a good 
green manure and soil improver, it may 
find acceptance in the economy of the South¬ 
west, even in competition with crops bring¬ 
ing higher market prices. Guar can be drill- 
planted and combine-harvested with the 
standard grain combine. The extracted gum 
is utilized as a stabilizer and thickener in 
salad dressings, ice creams, bakery products, 
and the like; as a size and strengthener in 
textile and paper manufacture; and in 
printing pastes. Growing of guar for seed 
is still in the exploratory stages in the 
United States.; 

Agar and Agar-like Gums. Agar or agar- 
agar (Japanese isinglass, Japanese gelatin, 
kanten, and so forth) is the best-known 
commercial product obtained from sea¬ 
weeds. It is a necessity as a culture medium 
in the bacteriological laboratory (an ineit 
jelly-like substance solidifying after melting 
at about -10° C.), and also finds much us' 
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I lie slcrile, floating phase of Graciluria confen'oidcs, a Red Alga. (Courtesy 

Economic Botany.) 


in laxatives and other pharmaceuticals; as 
a stabilizer and thickener in ice creams, 
sauces, and other foods, and to hold mois¬ 
ture and improve texture in pastries; and 
as a size. Agar, but more particularly algin 
and alginates, serves in clarification of 
liquors; as an ingredient of casein paints, 
mucilages, and polishes; as a binder and 
emollient in tooth pastes and cosmetics; and 
even as a raw material for synthetic fibers 
or plastics. Agar is extracted from several 
species of seaweeds, the principal genera 
being Gracilaria (G. confewoides, etc.) and 
Gelidium (G. cartilagineum), of the Red 
Algae, the Rhodophyceae. Chemically agar 
consists mostly of the carbohydrate gelose, 

a galactan ester, and is largely nitrogen- 
free. 5 

Agar as an extract was reportedly first 
discovered accidentally by a Japanese who 
had thrown out certain seaweed jellies. 

--J^a^lJreezijigjuKLth^ne destroyed rhe 

gel structure and yielded the characteristic 
translucent flakes of dry agar. Japanese 
agar is still largely prepared by this natural 


means, the dried algae being carried to the 
mountains, where the proper _combi nation 
of fregzjn g _nigh t s a n ti-su n n y days produces 
agar flakes from the gel formed by boiling 
the algae. In the limited production in the 
United States, mechanical freezing and 
thawing is substituted, and chlorination is 
used in place of sun bleaching. In California 
divers harvest the algae on the sea bottom 
(about 1 to U/ 2 tons of seaweed per day 
per man), or where possible it is hand-raked, 
after which it is dried, baled, and shipped 
to the factory. There it is washed and pres¬ 
sure-cooked (about 15 lbs., pressure per 
square inch) m a series of extractions. The 
cooking hquor, after filtering, is allowed to 
gel in open tubs. The gel is macerated and 
then frozen for two days at about 14° F 
Upon thawing, the agar flakes may be 
filtered from excess water and dissolved 
impurities. The flakes, still 90 per cent 
water, then undergo further drying under 
hot an- Masts and bleaching in a hypochlo- 
ite solution. After a final washing and 
drying, the product is ready for market, at 



Broun algae. iih»mI\ hurn as ihcv appear at low tide along the eastern 

coast of the I'nited States. 7Coiirtes\ Chicago Natural History Museum.) 


an ultimate moisture content ol about 20 
per cent. 

Agar production in the United States has 
always been limited because ol the expen¬ 
sive hand labor required. Even at the 
height of World War II, with Japanese 
agar supplies cut oil. this country produced 
less than Mill tons annually. Normal peace¬ 
time imports from Japan are in the neigh¬ 
borhood ol 300 tons annually. 

Similar to agar in production and in 
service are the I mlropiiilic colloids alg in 
(the extract Irom various Brown Algae, 
such as the kelps / aminaria and Macrocys- 
lis) and r ai rageenij i (the extract Irom Irish 
"moss," Chotidrus Crispin and other red 


Algae). These products are finding ever 
expanding use in industry. Alginic acid con¬ 
tent of dried kelps ranges up to -10 per cent. 
World algin production amounts to over 
1,000 tons annually while carrageenin pro¬ 
duction is about as much. Algin and algi¬ 
nates find greatest service as ice cream stabi¬ 
lizers. but also sene generally as emulsifiers, 
and agents for jellying, thickening, suspend¬ 
ing and adding "body." They have long 
been used in dentifrices, brushless shaving 
creams, hand lotions, and various medici- 
nals. An unusual property amplifying their 
usefulness is ability to change viscosity in 
direct proportion to the concentration of 
calcium ions. Thus viscosity of mucilages, 
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A clump of Irish moss. Chondrus orhpus. (Courtesy Economic Botany.) 


for example, can be easily controlled by 
addition of simple salts such as calcium 
citrate. Applied to wounds, as in tooth ex¬ 
traction. alginates react with calcium in 
the blood to form a seal that stops bleeding. 
Carrageen in finds its largest use as an 
emulsifier in non-settling chocolate drinks. 
I'ish moss' is usually hand-raked along 
the New England and European coasts 
during the summer months. Kelps for pro¬ 
ducing algin are usually gathered by grap¬ 
ples horn power boats, or by mechanical 
centers, in both the Atlantic and Pacific. 

Miser llantous Gt ms.* The following 
plants are sometimes utilized as sources of 
gum: species of Bulea, Lcguminosae (Dhak. 
1’alas. or Bengal kino), of India; CaesalpL 
ma > Lcguminosae (Brea), of Argentina; 


Clmkrassia, Meliaceae (Chittagong), of 

India; Cochlospemum, Cochlosfiermaeeae 

(Kutira, India gum, Bassorin), of India; 
Cycvu, Cycadacae (Cycas gum), of Asia; 
Fcmma, Rutaceac (Feronia gum), of India 
and the Far East; Melia, Meliaceae (Azadi- 
rachta) of the East Indies; Moringa. Morin - 
gaccae (Moringa gum), of the Eastern 
tropics; Picca, Pinaceae (Spruce gum), of 
temperate regions; Prosol,is, Lcguminosae 
(Mesquite gum), of Mexico and South 
America; Prunus, Rosaceae (cherry, Shiraz, 
and Cerasin gums) of temperate regions; 
and various named or unnamed gums from 
■ Icglc, Rutaceae; Albizzia, Lcguminosae; 
A dan ih us, Simaroubaccae; Anacardium 
Anacardmceae; Bauhinia, Lcguminosae; 
Bombax, Bombacaceae; Buchanania, Ana - 


discusses ncarly'a hun^ra| f addidonlj < j»,iins ,, (rf grcatcr'cv Ics-c^ I CI ! ron j ca 1919). Chaps. -1-6. 

us 10 " !l Thc —*—- 
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Flow sheet for production of sodium alginate 
from the giant kelp. Macrocystis /> yrifera . in Cali¬ 
fornia. (Courtesy Economic liotany.) 

cardtaceae; Cedrela, Meliaceae; Entero- 
lobium, Leguminosae; Madhuca ( Bassia ), 
Sapotaceae; Piptadenia, Leguminosae; 
Pterocarpus, Leguminosae; Sapindus, Sap- 
indaceae; Stereospermum, Bignoniaceae; 


Symphonia, Guttiferae; Terminalia, Com- 
bretaceae; and many more. 

Also ‘■gums" of vegetable origin, although 
not strictly natural plant produc ts, are the 
chemurgic derivatives of starch, cellulose, 
and vegetable protein. Starch is readily 
hydroli/ed to dextrin e, which serve in many 
types of mucilage and in food products; 
cellulose treated with alkyl halides forms 
such products as meth ylated cellul ose, a 
substitute for gums, which is beginning to 
be produced in commercial quantities; 
proteins such as that of the soybean yield 
upon chemical treatment effe ctive adhesi ves, 
some of which were mentioned under the 
discussion oLpTywoods. 



Resins and Related Exudates 


Resins have found use by man since time 
immemorial, particularly among Malayan 
and Pacific peoples. Their -to rnbut 
properties made resins useful as all-w eather ' 
Torches; and their^ yaterproofing propertie s, 
for service as boat cau lk. In the Near E; 
resins have been used since antiquity as 
medicinals, incense, and in cr ude varn ishes. 
The Egyptians used them for coating 
mummy cases, and there is evidence that 
the ancient South American Incas utilized 
. resins in their embalming m ixtures. Early 
painters commonly employed resins in their 
favorite paint formulae. 

Resinous secretions are usually found in 
special d ucts and can als in a wide variety 
of plants and plant parts. As a cons^tuent 
of latex, resin appreciably lowers its value 
l or r ubber. The mode of resin formation, 
or the utility of resins to the plant, is little 
understood. Presumably they originate 
through red uction and poly merization of 
carbohydrates such as starch. Many are per¬ 
haps oxidative products of essential oils. 
Resins do not seem' to enter actively into 
the metabolism of the plant, and may be 
a secondary product of "main line meta- 
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bolic activity. As surmised of g ums, they 
may be of some service in pr eventing desi c¬ 
catio n and in aiding the healing of wo unds. 

Resins are typically derived from stents 
and roots by exudation following chipping, 
incising, or bruising. They are brittle , 
a morphous , more or less transparent, in¬ 
soluble in water but more or less soluble 
in ordinary reagents such as qlcoh ol. ether, 
and turpentine. They possess luster, are 
ordinarily fusible, and burn with a smoky 
flame when ignited. In contrast to the carbo¬ 
hydrate nature of gums, resins consist 
largely of res m_acid. anhydride, and ester 
mi xtur es. They occur both in the pure or 
nearly p ure sta te, or in mixture with es¬ 
sential oils, gums, and the like. So diverse 
are the types and so many the plants from 
which resins are derived that there has never 
been a satisfactory classification and group¬ 
ing of resins or a convenient pigeonholing 
of resi n-yield ing plants.^The more impor¬ 
tant commer cial resins come especially from 
the families Pvnace ae, Le guminosa e, and 
Dipierocarpaceae. Far Eastern resins from 
the Dipierocarpaceae are usually considered 
“damars," whereas the tu rpentines (Pina- 
ceae) and related substances containing es¬ 
sential oil are spoken of as “oleoresins." 

^ f resins primarily 
from the C aesalpinoidea e subfamily of the 
Tegu mingf flc, but also from unrelated 
sources, some fossilized. Highly aromatic 
^oleoresins (often from the Leguminosae, but 
also prominently from the Burseraceae Y 
technically containing benzoic or cinnamic 
acids, are termed “balsams“-a term,' how¬ 
ever, loosely applied to’a number of resins. 
There are also “g um resi ns,’’ containing 
percentages of gums, and "kinos,” which are 
soluble in wa ter and astring ent. Resins ex¬ 
posed to slow chemical change for a few 
centuries are known as "re cent fossil resi ns " 
whereas those formed th^ands oTyears 
ago are termed "JossiUesi*.” Fossil resins 



nets of terpenes, of which a mbe r is the best- 
known example. 

In recent years great advances have been 
made in the compounding of synthetic res¬ 
ins, so that it is likely that natural sources 
will be of decrea sing im portance. Among 
notable synt hetic resi ns previously men¬ 
tioned are the thermo plastic and thermo¬ 
setting types used in all-weather plywoods 
and for various plastics. Other synthetic 
resins find use in tin can linings, paints 
and varnishes, safetv_glass, "silent" gears, 
wat erproofmg cloth, binders foF abrasive s, 
and the like. Synihetic resins are largely 
synthesized from phenol and formaldehyde, 
glycerin, urea, vi nyl ma terials, and esters t 
of various other organic compounds. Na- 
tur al resi ns find similar uses, and in addition 
are much utilized as sizing ; in maki ng soap s 
oikloth, l inole um, f loor coa tings, ph arma - 
ceuticals, fi rewor ks, plastic s, jncense; in 
lithpoptrjStTic work; and so on. 

their most important use today, for 
varnishes, resins'may be compounded with 
oils (oil varn ishes; utilizing chiefly linseed, 
tung, oiticica or perilla oils) or volatile 
solvents (spirit varnishes; utilizing_various 
alcohols or other organiejiquids). Natural 
oiTyarnishes, first arising from 19th century 
empirical and somewhat mysterious com¬ 
pounding by secret formulae, are today 
giving way to competition from synthetic 
resins. As a group, oil varnishes retain su¬ 
periority in resistance over spirit varnishes. 
The latter are essentially resin solutions 
that dry upon evaporation of the solvent or 
solvents. They find great utility in that they 
are less expensive, more easily prepared 
and applied and produce brUliant, trans- 
p ^ ar e n t ^finish e^ Hard resins are especially 
favored for ^ ntjainishe s, giving a higheiT 
g. oss thai Wojoft resin s. Spirit varnishes) 
have found greate st use as pTper siz e ii.r. ( 

nitUre and finishes, s anding sealer s \ 

substitute ti>o "" ) \ 
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originally indicated natural plant exuda¬ 
tions used directly as a coating, but has 
ionic in modern times to signify spirit 
varnishes in which a ce llulose deriva tive 
Mich as nh rotejhdose is the major film- 
form ing substa nce. Many natural resins find 
use similar to compounding lor oil varnishes 
for making adhesives. Elemi, for instance, 
can be combined with castor oil to give a 
light-colored pmdtut suitable for adhesive 
tape. \\’orljj/frade in natural resins is es¬ 
timated )A approach a million tons an¬ 
n ually 

• 1. Turpentines. Turpentines consist of 
a mixture of resin in essential oil, found 
particularly in resm ^anals of t he inn er 
bark and sapw ood ol var ious coniferous 
trees. The crude product is often spoken 
of as pitch. Pitch or crude turpentine is 
commonly obtained by tapping or chipping 
the tree, and is distilled to yield its com¬ 
ponent essential oil and resin. Destructive 
distillation ol coniferous woods also yields 
these products. Pitch was known to the 
ancients, and was then and later much used 
in caulking or treatment of wooden ships. 
Turpentine production and processing have 
consequently received the appellation “na¬ 
val stores" industry and remain so known 
to this day. Although spirits of turpentine 
and rosin are produced in many parts of 
the world, the naval stores industry has 
attained its greatest importance in the south¬ 
eastern United States, where it is one of 
the oldest of North American enterprises. 

Commercial Turpentine Production. 
Turpentining in the United States was the 
basic source ol income of the Carolinas in 
colonial times. Gradually the practice of 
“gum" extraction spread southward and 
westward through the southeastern conif¬ 
erous belt, later centering in Florida and 
Georgia. Crude and inefficient means of 
extraction were followed, and remained 
little improved until quite recently. It is 


strange that in spite of voluminous and 
effective research establishing excellent tap 
ping techniques for rubber in remote cor¬ 
ners of the world, little or nothing was 
done to find the best possible turpentining 
system for the old and economically im¬ 
portant naval stores industry in a country 
that has become noted as probably the most 
technically advanced in the world. It is 
certainly no tribute to American efficiency 
or mechanical aptitude that two centuries 
after turpentining was well established, 
untrained labor was still needlessly wasting 
bark and ruining wood of our most valu¬ 
able and now decimated pines of the south¬ 
eastern coniferous forest belt. 

Crude turpentine is largely derived from 
several species of pine ( Pinus ). In the United 
States the species most used is the longleaf 
pine (P. palustris), although the slash pine 
(P. cariba ea) becomes of increasing impor¬ 
tance as the relative frequency of longleaf 
declines under the white man's system of 
land management. Ponderosa pine (P. pan- 
derosa) has been experimentally tried as a 
turpentine source in the western United 
States, with uneconomical results. P. pinas¬ 
ter is the European pine most utilized for 
turpentine; it is quite widespread in south¬ 
ern France and Spain. Other species'of that 
region utilized to greater or lesser extent 
are P. Iialepensis, P. nigra, and P. pinea. In 
eastern Europe a low-grade turpentine has 
been obtained from the Scotch pine, P. 
sylvestris. Turpentine from pines, especially 
P. roxburghii, is also reported obtained in 
India and Indo-China. 

Crude turpentine occurs in interconnect¬ 
ing ducts or resin canals, particularly in the 
sapwood. Major canals run vertically; 
smaller ducts connecting with these open 
to the bark. Severance of any canal permits 
the crude turpentine to exude. The old 
system of tapping was to "box” the lower 
trunk of the tree-i.e., to chop a cavity a 
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few inches wide and several inches deep at 
the base of the tree to collect the turpentine 
-and then to “chip” the bark and outer 
sapwood above this box, thus opening the 
resin ducts so that pitch would exude and 
drip down into the box. Chipping by this 
method typically follows a V-form, with the 
apex of the V situated directly above the 
box. When the pitch dries and oxidizes, 
the resin ducts become sealed, necessitating 
renewed chipping at weekly intervals. The 
turpentining wounds never heal, since the 
cambium is removed in chipping. As soon 
as the bark has been stripped from most 
of the lower tree trunk by a sequence of 
boxings and chippings on all sides, or¬ 
dinarily over a period of ten years, the 
tree is abandoned. Many trees die pre¬ 
maturely from excessive chipping; others 
become windfalls, by virtue of being weak¬ 
ened by too severe boxing. Moreover, since 
open wounds permit ready entrance of 
fungi, the turpentining system promotes 
wood decay. All this was of little importance 
in early America, when thoroughly chipped 
trees were abandoned as having no further 
use. As lumber gradually became more 
scarce and more valuable, even trees that 
had been chipped for several years were of 
considerable value for lumber. Lumber 
from trees chipped by the old methods is 
typically degraded, however, because of the 
deep chipping streaks on the finest part of 
the log. 

Modern recommended practices in tur¬ 
pentining involve several modifications of 
the traditional system, allowing for greater 
economy and better forest management. 
Boxing at the base of the tree is discouraged. 
Instead, tin gutters and spouts are tacked 
to the first streak (tapped area), which guide 
gum to a suitable pail. No severance of 
resin canals connecting root with trunk 
results, and additional yield of 27 per cent 
the first year and 22 per cent the second 
year over similar trees chipped by the old 


boxing method has been proved possible. 

Acid or 2-4-D treatment of the streak has 
been shown to increase yield and prolong 
flow. In traditional practice, chipping must 
be done once a week, and there is con¬ 
siderable flow for only two or three days 
immediately after chipping. If, however, 
after chipping, the newly exposed surface 
is sprayed with readily procurable acid solu¬ 
tion (for slash pine, for example, 40 per cent 
sulfuric acid: ]]/ 2 quarts being sufficient for 
1,000 faces), flow is stimulated for as long 
as three weeks. Consequently, even allow¬ 
ing for the extra time required for spraying 
the acid solution with a simple spray gun, 
the modern method makes it possible for 
one chipper to tend two and a half times 
as many trees as by the older, weekly 
method of chipping, and with little or no 
diminution of yield per tree. To put it an¬ 
other way, use of the acid treatment makes 
it possible to obtain more than twice the 
usual annual yield per chipper, and with 
exhaustion of only one-third as much bark 
per tree. 

For use in conjunction with acid treat¬ 
ment, bark chipping is to be recommended 
in preference to wood chipping. The hard 
labor needed to chip a V in the sapwood 
with the usual hack (U-headed chipping 
tool) is greatly reduced when only the com¬ 
paratively softer bark must be chipped. 
Bark is most conveniently chipped in a 
straight slanting line rather than in the 
usual V. Application of acid is necessary to 
prevent coagulation of the gum. The small 
lateral gum canals extending to the bark 
then effectively drain the gum in as great 
quantities as do the larger canals severed 
in wood chipping. Chipping becomes easier 
and faster, and the wood is not degraded 
because of mutilation by chipping. Sale 
prices for logs are higher, and greater total 
income from a pine stand becomes possible. 

A stand with 10,000 chipped faces usually 
yields about 200 barrels of “gum” if chipped 
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Traditional method of chipping longleaf pine for naval stores. This method 
involves cutting away about one-half inch of wood. (Courtesy Economic Botany.) 


once a week without acid treatment. If the 
same stand should be chipped every two 
weeks, with acid treatment, the same yield 
would be possible with about half the labor. 
When such a stand is chipped every three 
weeks, with acid treatment, yields amount 
to roughly 17!) barrels per season. When 
the traditional chipping system is used, one 


chipper can handle about 5,000 faces a 
week. When chipping is done in conjunc¬ 
tion with acid spraying, he can tend 4,000 
trees in a week, or 12,000 faces when three- 
week chipping intervals are used. Utilizing 
the improved techniques, ine xperie nced 
workers _xan— learn the fundamentals of 
turpentining in a few min utes. Vields_per 
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man and per tree can be significantly in¬ 
creased, and production costs consequently 
lowered. But turpentining can only reach 
optimum efficiency when integrated with 


propei- forestry practices. For example, it 
is good forest management to cut yellow 
pine selectively. In opening a stand to tur¬ 
pentining, only injured or cull trees, or 
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very mature specimens (over 12 inches in 
diameter), should be tapped. 1'his is in 
contrast to the usual system ol turpentining, 
in which all good 9-in. trees are chipped 
and thus held back from growth needed to 
produce quality timber; at the end of such 
turpentining, the whole worked-out stand 
must be salvaged for whatever it will bring. 
1 he logs are small, expensive to handle, 
and ol poor grades. In selective turpentin¬ 
ing integrated with selected logging, on the 
other hand, as worked-out, mature or cull 
trees are removed for lumber, young, vig¬ 
orous trees are on hand to benefit from the 
“release." 1 hese in turn will be selectively 
turpentined when they reach a diameter 
ol 12 in. for about ten years, giving higher 
yields than their generally inferior pre¬ 
decessors and furnishing high-grade logs at 
the end of their turpentining life. As each 
age group reaches maturity, it is turpentined 
for the usual ten years or so, then logged 
and a new age group brought into pro¬ 
duction. 

Within the last few decades, tree or gum 
turpentining has declined. A high point of 
almost 2 million drums (520 lb. each) of 
rosin was obtained in 1909; by 1947 pro¬ 
duction had declined to considerably less 
than 1 million drums. Meanwhile turpentin¬ 
ing by wood distillation increased from 
practically nothing in 1910 to about 800,- 
000 drums of rosin by 1947. This yield 
has come largely from the processing of 
slumps of pine left after generations of 
logging in the southeastern forest belt. The 
stumps are freed by dynamiting or are 
pulled free by massive cranes or other ma¬ 
chinery. Much of the stump supply, how¬ 
ever, has now become exhausted, and a 
decline in wood turpentine production is 
to be expected. Most ol the production 
should once again come from gum turpen¬ 
tine, provided this industry can be kept 
progressive enough to compete with syn¬ 
thetic solvents. The modern cost-cutting 


practices described make this a possibility, 
as well as holding out promise of a better,' 
steadier income for rural populations in 
the southeastern coniferous belt. The na¬ 
tion should benefit at the same time from 
sustained-yield production of quality poles, 
sawlogs, ties, and pulpwood. 

Crude turpentine is usually gathered at 
weekly intervals, in any suitable container, 
from the boxes or cups. At the end of each 
tapping season (the tapping season is spring, 
summer, and early autumn), all resin ad¬ 
hering to the face is also scraped off and 
collected to yield a dirtier, lower-grade 
product. Collected crude turpentine must be 
distilled. Old-time stills were simple kettles 
placed directly over an open fire and 
charged with fresh “gum” plus any chips, 
bark, and pine needles at hand. Control 
depended solely upon the skill of the at¬ 
tendant, and scorched, low-grade rosin was 
not infrequently had. Yet such a simple, 
easily moved still was quite useful for pur¬ 
suing, into remote districts, exploitation of 
the “illimitable" virgin stands of pine. With 
such a still, acid-treated crude turpentine 
is reported to produce a cloudy rosin. 

When turpentining is performed by the 
recommended system of permanent crop¬ 
ping, larger, centrally located stills utilizing 
steam distillation become feasible. Crude 
turpentine can be readily brought to the 
still from surrounding areas by established 
means of transportation. The raw "gum" is 
first diluted and filtered. It is then chemi¬ 
cally treated (usually with acid) to produce 
lighter, more expensive grades of rosin, and 
the treated "gum” jetted into water to re¬ 
move all traces of acid prior to actual 
distillation. Steam distillation for two or 
three hours follows, in which spirits or oil 
of turpentine fractionates off above the 
water and the rosin remains as a heavy 
residue. While still hot, the rosin is 
screened, cooled, and hardened in twenty- 
four hours. Spirits of turpentine finds its 
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A modern steam still for processing pine •'gum." (Courtesy Economic Botany.) 


greatest use as a solvent and thinner in 
paints and v arnishe s; rosin, as a sizing and 
in the manufacture of s oap, varnishes, ink s, 
waxes,jea js^ lubricants, linings (for barrels !, 
and the like. This industry has attained 
^^m ultimillion dollar importance in the 
United States. A large part of the naval 
stores production is normally exported, al¬ 
though not so high a proportion, of course, 
as inpolonial times. 

\^rfaval Stores in the P oint and Vnmish 
Industries. Drying ^ils, resins, and thinned 
are the basic ingredients of_varnishes. Most 
s^al ity paints,_both flat 

COI> 

s,st o[ at jeast two-third s varnish plus cer. 
^a»^_selected > pigments and other minor 
productOffiaked enamels, such as car and 
'^^mgeTOor_fimshes, largely havea“varnish 
base. The volurne of var nish and p aint snld 
annually offers ample proof of the impor¬ 
tance of rosin from southern pines as a 


paint res in, and of spirits of turpentine 
fromjh e same sou i: c e_as a-tliinner. 1 Qj^ing 
oils may come from a variety of sources 
to be discussed later, including lung, soy¬ 
bean, oiticica, perilla, and fish oil. Resins, 
the "solid'’ portion of varnish at ordinary 
temperatures, used in addition to the rosin 
derived from turpentining include various 
synthetics and to a lesser extent imported 
types to be discussed in subsequent pages. 
Thinners, in addition to spirits of turpen¬ 
tine, include petroleum distillates and or¬ 
ganic solvents such as alcohols, acetates 
and the like. , 

One formula for compounding a varnish 
will serve as an example of the use of tui- 
pentine products. According to this com- 
merciaHormula several hundrecTpounds of 
pine__rosin are esterified with glycer in 
(heated at5Q0^F. until neut ral, in stainless 
steeUettles), to form “ester_giim." Seventy 
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pounds ol this "gum are cooked with 300 where as underseas deposits weather. A few 
lbs. ol tung oil at 560° F. until thickened, hundred tons have been collected in favor- 

I hereupon 30 lbs. additional "ester gum" able years, but as deposits have been worked 

are quickly added, and the mixture vig- out. production has declined in recent 
orously stirred to prevent gelation. Four decades. That a mber .was once liquid is 
hundred pounds of turpentine are then attested by the fact that now extinct in- 
slowly added. Slight amounts of metallic sects are sometimes foun d tr apped in it. 
salts, usually those of cobalt or manganese. The largest reported piece of amber 
may be included to hasten drying. The hot weighed 18 lbs. and was valued at S30.000,- 
varnish isjjnallv filtered through paper to 00p (before World War II). 
insure/farity before it is packaged for sale! Balsam-of-Peru. Balsam-of-Peru is de- 
y/ { rived from Myroxylon ba lsa mum , of the 

'*"'2. Other important or interesting / Leguminosae, and its varieties (var. pereirae 
resins. A mber. One of the most interesting) of Central America is the chief source). The 
of resins is the lossil resin, amber. It was ) balsam serves primarily as a medicinal fo r 
formed as exudations from a now extinct j the h ealing of persistent sores and ulce rs. 
Sffecies of pine, P inus suceinU rr, of the' Pi - \ski n diseases, and bronchitis or roughs It 
\ficcae, and is found in subterranean de- has also beeiTused as a fix ative in perf umes, 
posits, particularly in northern Europe. In for consecrated oils in the Roman Catholic 
ancient times amber was a decidedly myster- Church, in soaps, as a componen t of arrow 
ious substance, being variously believed to poison, and as* a vanilla substitute. The 
be generated by the sun's rays, a product of aromatic resin is collected mostly from wild 
the lynx, mineralized honey, petrified whale trees, these ranging from Mexico into north- 
sperm, and so on. It was, however, correctly ern South America. The tree has also been 
designated a tree resin by Aristotle, Pliny, introduced into the Far East. Chief pro- 
and others. Ancient peoples esteemed amber ducing area is El Salvador, from which 
for ornaments and charms, or as a static supplies of balsam-of-Peru have been ex- 
electricity plaything, and at times even ported since colonial times. First use o f 
utilized it as a medium of exchange. In balsam-of-Peru was by thejbidians of the 
recent times it has been used for pipestems New World, but the Spanish “conquista- 
and jewelry, in varnishes,* and in electrical dores" soon discovered its efficacy and it 
apparatus. became a highly prized export from the 

The resin is a hard, brittle, amorphous colonies to Europe, where at times it was 
compound, reportedly having ah empirical worth its weight in gold. Production from 
formula of C 4n H„ 4 0 4 , a~ specific gravity Central America was transshipped to Spain 
slightly heavier thairtvater, good insulating via Callao, Peru, and thus the product came 
properties, and easy workability in carving to be known as balsa m-of-Per u, even though 
or machining. It varies in color from yel- little has ever been produced in Peru 
low to black, the lighter types darkening proper. 

upon continued exposure. Amber is capa- Myroxylon balsamum (var. pereirae) it 
ble of taking a high polish, one reason for a beautiful Torest'tree p articularly comm on 
its popularity for jewelry. It is mined chiefly on the Pacific slopes of^ Cemra l America, 
in Germany, andlsalscT found washed up It may exceed 100 ft. inheight, and has a 
on the beaches of northern Europe and else- high, flat crown and a slender, smooth 

r . Li,tic used because of high cost. One formula for a clear amber varnish callsTSTthree parts amber 
to one part linseed oil and nine pails turpentine. 
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trunk. The small, shiny leallets are gland- 
dotted; the flowers small and scarcely at¬ 
tractive; the fruit a winged, one-seeded 
legume resembling a gi gantic “maple 
squirt." The “balsameros” or balsam- 
gatherers cut a small panel about 4 in. 
wide in the lower trunk of TITe tree, remov¬ 
ing the bark to the wood. The bark im¬ 
mediately a^joy g this panel is t hen beat^ ir 
or scorched, or both, lifter which the resin 
exudes in a wou nd resp onse. It is gen¬ 
erally believed that heat from balsam wood 
itself produces the best yields, so that burn¬ 
ing fagots split from old"balsam stumps are 
usually applied for the purpose of wound¬ 
ing the bark. Experience is necessary _ in 


order to know just how long to apply the 
flame to obt ain best yield and vet not c har 
the bark. Absorbent rags are fixed in the 
upper panel to absorb exuding resin dur¬ 
ing the subsequent one to three weeks. At 
the time these rags are collected, a new 
panel is also made in the previously injured 
bark above the old panel; and the whole 
process is then repeated. Ultimately it be¬ 
comes necessary to ascend the tree to open 
new panels. I his may be accomplished by 
means of climbing ropes or by "rungs" of 
balsam wood driven into the trunk in crude 
borings. Needless to say, the collection sys¬ 
tem puts a severe strain on the trees, but 
they may continue to live for years as long 
as sufficient strips of live bark are left up 
and down the trunk. 

After collection the redolent rags soaked 
full of balsam are boiled in water at cen¬ 
tralized locations. Fragments of bark are 
included with the rags. The resin becomes 
fluid, and small quantities of it sink to the 
bottom of the cauldron/ to be retrieved 
later. The rest is extracted by expression, 
usually in locally made devices that cause 



twisting and tightening of a coarsely woven 
sack charged with the hot rags. The filtered 
product thus extracted is then marketed 
directly. Production amounts to less than 
50 tons annually, most of which is exported 
to the United States. The reported annual 
yield per tree a moun ts at best to a few 
poujjdsof-ertltle balsan 1 

tpAiBA B alsam. Another of the oleo- 
resins that have attained modest importance 
is copaiba (or copaiva), a balsam derived 
from several species of Cojmifera { Legumi - 
nosae), of South and Central America. Per¬ 
haps C. reticulata yields most of Brazil’s 
copaiba, and C. officinalis most of that from 
northern South America and Central Amer¬ 
ica. This resin has been nti li/pd as a fiva 
in sce nting soaps and perfumes; nrr:mnr i:illy 
ir. varnishe s; in p hotograph y; and as 
a ntiseptic medi ci n al.* It is collected from 
wild tree^_Jfiirly abundant th roug h the 
Amazon Valley to southern Central Amer¬ 
ica. 1 he trees are of medium size, with 
gland-dotted, asymmetrical leaflets and a 
large, one-needed legume. 

Collection is typically by isolated tappers, 
financed by local "b arrac onistas," much as 
in collection of w ild ru bber. These collec¬ 
tors may remain in the jungle for weeks or 
even months on end. Yields are reported 
to be best during the dry season, but tap¬ 
ping may be undertaken at any time of 
the year. Tapping consists of drilling sev¬ 
eral holes or hacking incisions well into 
the trunk. The wounding serves as stimulus 
for the accumulation of large quantities of 
resin in and about the cavities. Yields of 
as much as 1J gallons of resin have been 
reported attained from a single tree. The 
resin is aromati cjui d with a bitter taste : 
arnTis thin, of a clear, pale color, soon be^ 
coming more viscous .and yellowish. It is 
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insoluble in water but soluble in dehydrated 

J 

alcohol, carbon disulphide, ether, chloro¬ 
form. and the like. 

Tappers bring the resin to smaller cen¬ 
ters in payment of debts or to barter it for 
various necessities. It is then shipped to 
larger exporting cities such as Manaos 
(Brazil) or Maracaibo (Venezuela), where 
exporters usually remove further bark frag¬ 
ments and other debris. Exports from South 
America are in the neighborhood ol 200 
tons annually, most of which goes to the 
United States. At ultimate markets, the 
copaiba is usually distilled to yield a trans¬ 
parent oil (35 to 85 per cent of the copaiba 
by volume) utilized lor purposes previously 
mentioned. Sidjstttutes for copaiba are re¬ 
ported oburmible front several Far Eastern 
members ol the Diplerocarpaceae and from 
Afjjfan species of I)nn id la (Leguminosae). 

opal Resins. The most important copals 
are thos?^ol considerable hardness and 
comparatively high melting point. Their 
greatest use is in varnish manufacture an d 
s a plastic-like binder. A great many copals, 
including many soft types, formerly en¬ 
tered commerce, but today only a lew are 
exploited. 

Congo Copal, probably mostly from 

Co pa iln a demeusscL _ Legu m i n osae. Th is 

is commercially the most important ol the 
copals, production from Central Africa run¬ 
ning close to 20 thousand tons annually. 
The resin is a fossil or sem i fossil type; 
collectors gather it from the lorest Hum 
after locating it by prodding with iron- 
tipped sticks. It is usually shipped to Eu¬ 
rope lor cleaning by air-blast methods. The 
species Irom which it comes is still an im¬ 
portant forest tree, and sometimes fresh 
resin i wnllpned h x. woundi ng the tre e. 
Considering the diversity ol the flora and 
the uncertainty as to what long-decayed 
tree may have been responsible for a given 
piece of resin, it is no wonder that lack of 
uniformity exists in the commercial prod¬ 


uct. West African Copal, from other species 
ol Copaifera, was once of considerable 
commercial importance. It occurs both in 
lossil form and as a product of the waste¬ 
ful tapping of living trees. 

East African or Zanzibar Copal, Trachy- 
lobiutn verrucosum, Leguniijuisae. Natives 
collect both the fossil and fresh resin of 
this bifoliolate lorest tree, especially in 
Tanganyika. The small, warty legume is 
reported to contain 20 per tent resin. 

South American Copals, chiefly Hyme- 
tinea courbaril, Leguminnsae. Both fresh 
and fossil types are locally collected; the 
fossil types are of superior value and hard¬ 
ness. “* 

0 

East Indian or Manila Copal, AgaJjjis 
alba, Pinaceae. This species of the East 
Indies and Malaysian area yields fresh, 
semifossil, and fossil resins; the latter types, 
however, have become increasingly uncom¬ 
mon. At one time production amounted to 
jjLtfr ousand tons annually. / 

•amar Resins. These Dipterocarpacg ous 
resins were long used in the East for torc hes, 
boat caulk, and incense. In contrast to the 


copals, they are 1 reefy soluble in turpep tine. 
although l ess har d, and enter especially 
into manufacture of “spi rit varnish es" for 
waMjJup^jmd decorative work. The origin 
"ol irfariy^uaTTTars is quite obscure. Ap¬ 
parently a number of species of Hopea, 
Shorea, Balanocarpus, Valeria, and other 
genera are involved. Balanocarpus heirnii, 
of Malaya, is tapped on the upper trunk 
by natives who precariously ascend the tree 
on rattan ladders supported by pegs driven 
into the sapwood only. Sltorea robusta, of 
northern India, yields fresh resin with tap¬ 
ping, but also is the source of fossil and 
semifossil types, the latter in stalactitic 
loyi\ from natural exudation. 
v/Elemi. There occur numerous oleoresins 
from diverse or unknown sources termed 
elemi. Most of these probably come from 
the~ family Burseraceae. Manila elemi is 
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derived by gashing the trunk of Canarium 
luzonicum, a large Philippine tree. This 
soft, adh esive resi n has been much used 
Tor native torches and b qat ca ulk, and finds 

some value in the Western economy for 

* 

pri nter's ink and lor reducing brittleness in 
varnishes. Species of Amyris (Rutaceae ), of 
southern Mexico, yield an elemi that may 
be substituted for Canadian balsam in 
microscopy. Brazilian elemi apparently 
comes from three or four species ol Bursera 
and Pr'olium, P. Iieptaphylluin, ranging 
from Colombia to Paraguay, and constitut¬ 
ing the source of “brea branca" or “taca- 
mahaca." CalophyUum and Symplionia 
(GutIiferae) of the same region are said to 
yield the bastard or yellow‘elemi. West In¬ 
dian elemi comes from Dacryodes hexaiulra, 
and African elemi from Canarium scliurin- 
furthii. Several additional elemi-producing 
species of Canarium are known from Mau¬ 
ritius and the East Indies. 

Frankincens^ Frankincense or gum oli- 
banum -comes from various species of Bos- 
wellia , Burseraceae, especially B. car ter i ancT 
B. jrereana. This oleo-gum-resin is of little 


importance nowadays, but because of ii 
frequent mention in the scriptures and b 
classical writers, it merits brief discussioi 
Fiankincense was one of the importar 
nade arti cles of the Phoenicians, and of th 
Near East with the Far East. It was used b 
the Egyptians in f umigatio n, e mbalmin g 
and medicine. So esteemed was it in Biblica 
times that frankincense constituted one o 
the me morable gifts of the ma p i l0 th 
Christ child. The speci es are sm all trees o 
shrubs of dry habitats in northeastern Al 
nca and Arabia. Collections are apparentl 
horn wild treesjmly. As is often the cas, 
! mh trop ical p eoples of the hinterland 
ittle_concern is shown for the source plan 
other than exploitation. “Allah take 
thought for everything, ours not to u 
stand.” Story has it that a' descend^ 
sman Mahmud once transplanted/™ 


great care some incense plants too near the 
wady of Botiala. Apparently thriving for a 
few years, they came to grief in a great flood. 
“Allah had his revenge." Collectors incise 
or scra pe the stems during the dry season, 
and collect the tear-like exudations as they 

9 

harden. W hat little use frankin cens e find s 
today is^mostlv as ceremo nial incense for 
the church. 

TL airi Rem x. Kauri resin, from Agatlm 
australis, Pinaceae, is one of the most valu¬ 
able of natura l hard res ins, and was the 
original res in eipplo ved in ma king lino¬ 
leum. It is obtained in the fossil or semi¬ 
fossil form from accumulations in present 
or former Kauri forests. Lumps weighing 
as much as 100 lb s, have been collected. 
Kauri resin has been an important export 
of New Zealand for a century, a few thou¬ 
sand tons being exported annually, mostly 
to the United Kingdom and North America. 
The peak y ear was 1899 (some 11 thousand 
tons), wit h product ion since diminishing as 
supplies approach exhaustio n. The Kauri is 
the monarch of the New Zealand forests, 
where it ranks as one of the world’s fore¬ 
most (but disappearing) ti mber tr ees. 

^Cac. A resin secreted by a scale insect 
supplies the l ac_of commerce. T his inse ct. 
Laccijer (Tachardia) la era, abounds in In- 
di aand East Asia, feed ing on a numb er of 
plants, including Butea, Cajanus, and 
Acacia, of the Leguminosae; Scltleicliera, of 
the Sapindaceae ; Zizyphus, of the Rhamna- 
ceae; and Ficus, of the Moraceae. At least 
Butea was cultivated for lac-growing as 
early as the second century A.D.Q'he reddish- 
orange, t ransluce nt, re sinous secret ion en- . 
casing the insect during its life (except ' 
brief intervals when males emerge to seek' 
the females) is affixed to the twigs of the 
parisitized plant. The young emerge in 
swarms as minute, sluggish, red-colored in¬ 
sects about 1 mm. long. They seek succulent 
twigs and suck sap through a beak thrust 
into the soft plant tissues. After the insects 
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•swarm, twigs containing the old lac encase¬ 
ments are removed and the resinous encrus¬ 
tation (stick lac) scraped away, ground, 
soaked, and washed. After this treatment it 
is known as "seed lac," and when cooked 
with other resins and minerals becomes the 
well-known "shellac" of commerce. India is 
the chief producer ol shellac, and has mar¬ 
keted as much as 50,000 tons annually. The 
United States is the chief consumer, lol* 
Great Britain. Shellac is widely 
used in hi gh-polis h interior "spirit” var¬ 
nishes; in phon ograph Tecords; in sealing 
_wax, drawing ink, and certain lacquers; as 
a si/e, stiffener, and chocolate gla/e; and 
for ornaments. The lac insect also supplies 
a reel- dye. 

fcA< qi'KR. A few genera and species of the 
Anacardiaceae are responsible lor the res¬ 
inous natural lacquers of China, Japan, and 
other Eastern countries. R hus verniciflua 
is a handsome Chinese tree now widely 
cultivated. It is propagated by seed or root 
cuttings. The bark is tapped in midsum¬ 
mer, and the milky sap, a watery mixture of 
resin, gum, and albuminoids, collected in a 
diversity of receptacles. This lacquer must 
be applied in a damp atmosphere, neces¬ 
sary for the hardening of the resin. The 
Japanese and Chinese have carried the art 
of lacquering to a high degree of perfec¬ 
tion. The finishing of a single article may 
require three hundred coats of lacquer, over 
a period of years, each applied and then 
dried and polished. Later coats may con¬ 
tain coloring matter, metallic dusts, or pul¬ 
verized mother-of-pearl. A Burmese lacquer 
similar to that of China and Japan is ob¬ 
tained from Melanorrhoea usitata. In Indo- 
China and Formosa, lacquer is said to be 
obtained from Rhus succedanea, R. am- 
bigua, and Semecarpus vernicifera. 

vmastic. "Gum" mastic is an oleoresin 
taken from the shrub Pistacia lentiscus 
(var. chia), of the Anacardiaceae, native to 
the eastern Mediterranean. It is a small, 


dioecious compound-leafed evergreen grow¬ 
ing to about 10 ft. Ordinarily the male trees 
alone are propagated, it being said that 
they yield superior quantities of resin. 
Propagation is almost entirely by cuttings, 
and the plant glows so slowly that fifty to 
sixty years are required for it to attain 
lull maturity. Cultivation and fertilization 
are helpful, but are not always supplied. 

Tapping is restricted (by law in the chief 
producing region, the island of Chios) from 
July 15 to October 15, during which two 
intensive tapping periods are observed. Be¬ 
fore any collection is made, the soil about 
the shrub is cleared, leveled, brushed, 
beaten hard, and covered with a white soil 
that will not discolor fallen mastic. Ten to 
twenty horizontal wounds about 2 cm. long 
are opened in the bark twice weekly for 
five to six weeks, an awl-like tool being 
used for the purpose. Resin oozes from the 
cuts, falling to the prepared earth or drip¬ 
ping over the bark to be collected at the 
end of tapping. The gathered resin is sorted 
and cleaned in peasant homes before grad¬ 
ing and marketing. Exceptional trees may 
yield as much as a kilogram of resin a year, 
and world production of mastic is in the 
neighborhood of 200 tons annually, most of 
it coming from Chios. Mastic is used in 
hi gh-grade varn ishes designed for protect- 
i ng pictu res, and in p erfumes, pharm a- 
ceuticals, and ev en chewing gu m. Another 
Eastern species, P. cabulica, yields Bombay 
mastic. ” fftyae, «- 

Myrrh. Myrrh, from Commiphora, Bur- 
seraceae, a large genus of chiefly African 
species, is famous in the writings of an¬ 
tiquity, as is frankincense; and similarly is 
little used today. What collection there is 
comes largely from Somaliland. Schizoge- 
nous caffals yield the resin upon wound¬ 
ing of the bark. The resin is collected as 
tear-like particles when it is dry. Myrrh is 
an oleo-gum-resin that in olden times found 
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use in incense, perfumes, salves, medicines, 
disinfectants, and embalming mixtures. 

./Sandarac. African sandarac is obtained 
from Tctraclinus articulata, Pinaceae, and 
is used primarily for special varnishes such 
as those used for pictures, leather, and 
metal. The small coniferous tree grows in 
the mountains of Algeria and Morocco. 
Australian sandarac, from species of Callit- 
ris, Pinaceae, is similar to the African type, 
hut finds little use outside of Australia. 
Both kinds are collected from natural exu¬ 
dations on the trunk. 
v/$torax. The original storax (sometimes 
written sty rax) came from Asiatic species 
of Liquidambar (L. orientalis), of the 
Hamamelidaceae. There has also been in¬ 
termittent production from the common 
sweet gum or red gum (Liquidambar styraci- 
(lua), which grows wild from New England 
to Guatemala. During World War II and 
since, with continued strife in Asia, supplies 
have been cut off from Asia Minor and 
China; and production from the southern 
United States and Central America has 
assumed an importance measured in hun¬ 
dreds of thousands of dollars. 

In Asia storax is reportedly obtained by 
bruising the bark of the trees, then boiling 
the resin-soaked inner bark in sea water 
to free the storax. In the southern United 
States, particularly southern Alabama, the 
center of production, the bark is peeled 
for about a foot along half or more of the 
circumference of the lower trunk. The oleo- 
resin exudes from the sapwood, and at two 
to three week intervals is scraped free and 
collected. At each collection a renewal chip¬ 
ping is made at the upper edge of the 
panel, just s^.in turpentining. ‘'Gum” does 
not exude«in sufficient quantity to drip, so 
that no gu(firs or cups are needed. Produc¬ 
tion is reported to be greatest from full- 
awvned trees, usually those least desirable 


for saw-timber. Good production ranges 
Irom i /2 to 1 lb- of storax per tree annually. 

Collected storax is melted, strained, then 
allowed to solidify in 50 lb. cans ready for 
shipment. It is a chocolate-colored, fragrant, 
balsamic oleoresin, somewhat resembling 
beeswax in consistency. It is utilized in 

J 

medicinal and pharmaceutical preparations 
(skin and mucous membrane salves), for 
incense (particularly in China), in perfum¬ 
ing powders and soaps, as a fixative in 
“heavy" perfumes, and in flavoring tobacco. 
The industry is small in comparison to the 
naval stores industry, but it is of consider-. 
able local importance in the Deep South. 

Whether or not a future return to normalcy 

/ 

in Asia will permit undercutting of the 
domestic industry once again remains to be 
seen. In any event, so long as storax col¬ 
lection can add nearly a dollar a year per 
tree to the local income, with worked-out 
trees (after a few years of chipping) still 
marketable as lumber, the storax industry 
can be profitably integrated with forest 
management. 

A solid resin from Sty rax officinalis, 
Styracaceae, has at times been marketed in 
the Mediterranean area as “storax." 

3. Miscellaneous minor resins.* 

Abies, Pinaceae. A. balsamea, Canada balsam; 
northern North America: optical work. 

Ailanthus, Simaroubaceae. A. malabarica, mat- 
tippal; India; medicinal for dysentery. 

Anacardium, Anacardiaceae. A. occidental, 
the cashew, yields a by-product resin from the 
shells discarded by the cashew nut industry: this 
senes as a phenolic compound in making syn¬ 
thetic resins for electrical apparatus. 

Amsoptcra, Dipterocarpaceae. A. thurifera 
palosapis; Philippines. 

Auracaria, Pinaceae. Brazilian and Australian 
species. 
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Bursera , Burseraceac. Ii. simaruba, incense 
iree: West Indies; the fragrant “gum” has been 
used for church incense. 

Cistus, Cistaceae. Labdanum (or I.adanum) 
comes from several species; Mediterranean area; 
perfumery. 

Convolvulus, Convolvulaceae. C. scammonia, 
scammony: Mediterranean area; drug from root 
now largely replaced by similar ones from 
Ipomoea spp. 

Dannonorliops , Pabnaceae. This jungle palm 
genus of Malaya and the East Indies yields a 
red resin from the surface of immature fruits, 
known as dragon’s blood. In ancient times a 
“dragon’s blood" was collected from stem inci¬ 
sions on Dracaena spp, t I.iliac ear. It found use 
in the varnishes of the great Italian violin 
makers of the 18th century. 

j 

Dipterocarpus, Dipterocarpaceae. Many East¬ 
ern species; torches, caulk, drugs. 

Dorema, Umbelliferae. D. ammoniacum, am- 
moniacum; western Asia; stimulant, and used 
in perfumery. 

Elaeagia, Rubiaceae. E. ulilis, pasto lacquer; 
Colombia: resin from buds. 

Euphorbia, Euphorbiaceae. E. resinifera, gum 
eupliorbium; Morocco: vesicant. 

Ferula, Umbelliferae. Asafoetida from root of 
/•'. foetida and F. rubicaulis, Persia: carminative 
and sedative; galbanum and sagepenum from 
other species. 

Garcinia, Guttiferae. Several tropical species 
yield gamboge, a resin-gum mixture, formerly 
used as a cathartic but most important as a 
water paint pigment and in "spirit" varnishes 
for metal. 

Gardenia, Rubiaceae. Few species of south¬ 


eastern Asia and the Pacific area yield bud resins 
used in native medicine. 

Guiacum, Zygopliyllaceae. Caribbean lignuin- 
'itae species yield the wood resins used as 
stimulants. 

Ipomoea, Convolvolaceae. A few Mexican 
species, such as jalap, I. purga, yield purgative 
resins from the roots. 

Laretia, Umbelliferae. /.. acaulis, Chile; gum 
resin similar to Ferula. 

Larix, Pinaceae. I., decidua, Venice turpen¬ 
tine, a gum resin obtained by boring to heart- 
wood: northern Italy. 

Piiea, Pinaceae. P. abies, Burgundy pitch; 
Europe; varnish and medicinal plasters. 

Podophyllum. Berberidaceae. North American 
and Indian species; extracted from rhizome 
with alcohol; drastic purgative. 

Schinus, Anacardiaceae. S. molle; subtropics; 
oleoresin. 

Sindora, Leguminosae. Philippine species 
yield "supa” oils from wasteful hacking of cavi¬ 
ties in the wood and frequent firing of these 
cavities. 

Spermolepis, Myrtaceae. S. gu mm if era; New 
Caledonia; a high-tannin resin. 

Slyrax, Styracaceae. Tropical Asiatic species 
yield benzoin on tapping; incense, balm, car¬ 
minative, expectorant, and diuretic. 

Thapsia, Umbelliferae. T. garganica; Medi¬ 
terranean area. 

Xanthorrhoea, Liliaceae. Several species of 
this Australian genus commonly referred to as 
“grass trees” yield acaroid or accroides resins 
from the stem about the leaf bases. 
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CHAPTER 10 


Vegetable Tannins And Dyes 


Secretion products found almost univer- 
sally in plant tissues in greater or lesser 
quantities are the tannins and elves. In 

S 

spite of their universality, they are not 
sufficiently concentrated in most plants to 
permit ready and economical extraction; 
and in consequence relatively few plants 
have had large commercial importance as 
a source of tannins or dyes. Tannins and 
dyes are not overly complex chemicals, 
usually being compounds of carbon, hydro¬ 
gen, and oxygen (plus some nitrogen in 
dyes), which in many cases man has learned 
to synthesize more cheaply than they can 
be obtained from plants. This is particularly 
true of dyes, vegetable dyes being today 
largely of historical interest since the de¬ 
velopment of the coal-tar industry within 
the last fifty years. Less than one-tenth of 
the dyes used in the United States today 
are of natural origin. Vegetable tannins, on 
the other hand, have held their own to a 
greater extent, since synthetic tannins can¬ 
not be made cheaply in competition with 
natural sources. But even in the tanning 
industry, chromium salts, calgon, and the 
like, have become increasingly important 
as substitutes for vegetable tannins. Natural 
lanmns are used today principally for mak- 
ing the hard sole leathers needed by the 
shoe industry, the leathers so tanned ex¬ 
hibiting less shrinkage on drying than the 


soft, thin chrome leathers commonly used 
for uppers. 

Tannins 

I he term tannin is applied to a var iety 
of a stringent substances, usually elucosida l 
i n nature, having somewhat the same physi¬ 
cal and chemical properties. The empirical 
formula of one tannin. (Chinese nut gall) 
is C 7C H 52 0 <6 . Tannins are water-soluble, 
and those utilized for transforming hides to 
leather are obtained by water extraction 
from a variety of barks, woods, leaves, roots, 
and fruits. The usef ulness of tannins to 
tiie plant is oEscure: they may constitute 
discarded wastes or metabolic by-products, 
or they may be effective as “antiseptics^ 
or preservatives. Of the multitude bf tannin 
sources only a few can be discussed here, 
dhe chief natural sources in recent years 
have been the chestnut (in the United 
States) and the q ugjgaghp (in Argentina 
and 1 araguay). Tannins utilized commer¬ 
cially may be purchased in solid or liquid 
form, and are made by evaporating the 
original water extraction to the desired con¬ 
centration m evaporators and vacuum 
hen chief usefulness stems from their rv 
ability to combine with the proteins of ) 
hules (animal skin) to yield s table lemh^ I 
resistant ^ to air, moi sture, temperatu re J 
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change, and bacterial attack. Vegetable tan¬ 
nins also react with iron salts to form dark- 
bluish or -blackish compounds, the basis yf 
ink.* Sometimes tannins find use in medi- 
cinals, for their astringent qualities. In the 
United States a significant portion of total 
tannin consumption is as a dispersant to 
control the viscosity of mud in oil-well 
drilling. 

In tanning animal hides, the entire thick¬ 
ness ol hide must receive the tannin. Plung¬ 
ing the hide in a strong tanning solution 
would cause the leather to become relatively 
impervious on the surface, thus preventing 
ready access of the tannin to the inner parts. 
Consequently, hides are ordinarily first 
soaked in spent tanning liquors, the acidity 
of which causes swelling and permits en¬ 
trance of gradually increased concentrations 
ol tannins. Tanning may take anywhere 
from a few hours to several months, depend¬ 
ing upon conditions and upon the thick¬ 
ness of the hide. Alter tanning, slivers of 
the leather are cut to ascertain the degree 
of tannin penetration. The leather is then 
treated with oil or grease to give it softness, 
pliability, and waterproof characteristics; 
dyed to the desired color; and perhaps “fin¬ 
ished'' with a coating of casein, egg albu¬ 
men, gum, resin, or wax. 

The tanning industry is centuries old. A 
thousand years before Christ, the Chinese 
were already maki^Jeaiher, and the tan¬ 
ning of skins was practiced extensively in 
the Roman Empire. American Indians uti¬ 
lized a variety of plants to. t an buffalo hides / 
The first tannery in the United States ante¬ 
dated the revolution by a century aqd a 
half. I dte leat li m industry In North America 
soon centered in New England, utilizing 

abundant and cheap hemlock bark avail- 
* » 4 


able locally. Boston became the nucleus of 
the leather trade, until depletion of hemlock 
stands shifted the tanning industry west¬ 
ward to Pennsylvania. There has since been 
further decentralization southward and 
westward, but by and large the tanning 
center of the United States remains in 
jV nns\ Iva nna, where tanneries, having ex¬ 
hausted local ta nnin-source s (che stnut, oa k), 
rely upon imports of quebracho, myro- 
balans, and other concentrates, and upon 
chrome tanning. 

Development of the tanning industry. 

The story of the tanning industry, from 
perhaps an original chance softening of 
wildjinj mal pelt s in streams charged with 
tw igs an d bark that provided some pre¬ 
servative effect, to an imposing industry 
tu rning bil lions of pounds of green-salted 
hides into fiiteen "Hundred types of leathei 
and four hundred million pairs of shoes, 
is one of persistent though unspectacular 
growth. Mention has been made of the use 
of both chemical and botanical tannins, the 
latter having been the more important in 
ancient times. Egyptian vegetable-tanned 
sandal s more than 3,300 years o ld are on 
display in one modern museum. Greeks 
and Romans anticipated present-day meth¬ 
ods of preparing hides for tanning by soak¬ 
ing the skins in limewater to loosen the 
hair (a fermentation process) and then de- 
hairing with a scraping knife and b'eam. 
Various unprocessed barks and berries, gall 
nuts, and sumac leaves were applied as the 
tanning agents-an uncertain method con¬ 
tinued through the Middle Ages. Gradually 
it was found that leaching the tannins into 
circulating hot water before tanning gave 
more uniform results and shortened the 


Ink to, been known in Egypt and China [or almon »»£ 
(le from finely pulverized varnish-pius-pigmcnl mixtures. 
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tanning process. The door was then open 
for development of_ tannin concentrates 
and standardized dry extracts. Inasmuch 
as these are easily transportable, the leather 
industry was enabled to move out of the 
forest. 

The other ingredient of leather besides 
tannin is the hide. Since Roman times, 
animal-skins from slaughter houses and 
other sources, preserved with salts, have 
been prepared by soaking in a lime solution 
to .loosen the hair. Today special machines 
then dehair the hide, and a hand scraping 
gives the final cleaning touc h. The prepar ed 
hide is then thoroughly soaked in the tan¬ 
ning solutions, as described above. The 
tanned hide is usually washed, bleadied, 
and oiled before being lnmg in a drying 
loft. Final treatment varies with the type 
of leather to be produced, and may involve 
scouring of the grain, application of coat¬ 
ings, or compacting of the fibers under 
heavy brass rollers to give a polished and 
lustrous finish. 

Domestic tannins. C hestnut. The his¬ 
tory of the chestnut, Castanea den\a ta. of 
the Fagaceae, is largely the recentTistory of 
domestic tannin in the United States. In 
1927, 60 per cent of the domestic tannin 
supply (56 per cent of a total consumption 
of some 118 thousand tons being of domestic 
origin), or roughly 40 thousand tons, came 
from chestnut wood, the remainder being 
derived mostly from oak and hemlock bark 
and sumac leaves. By 1937, 123 thousand 
tons of chestnut extract were used in the 
United States, to rank second only to 
quebracho. The concentrated tannin ex¬ 
tract is made by hot water leaching of wood 
chips and evaporating the solvent in vacuo, 
much as with quebracho. Chestnut was once 
abundant throughout the eastern United 
States, a familiar component of the hard¬ 
wood forest belt, cherished for its edible 
fruit and heavily cut for timber. Ruthless 



Gaunt dead chestnuts, the result of chestnut 
blight, a common sight in the United Slates. The 
wood of these dead trees, chipped, is the chief 
domestic source of tannin. (Courtesy U. S. Forest 
Service. From Untmlva.) 

cutting, however, was already spelling doom 
for the chestnut when introduction of the 
chestnut blight into North America elimi¬ 
nated the tree for all practical purposes as 
an American forest species. Today one finds 
in the Appalachian uplands numerous root 
sprouts from •blight-killed trees. These grow 
for a few years, but rarely reach fruiting 
age before they too succumb to the disease. 
The dead and fallen logs of the old chest¬ 
nut trees, well preserved because of their 
high tannin content, are still the foremost 
domestic source of tannin. The supply is 
so inadequate that only 30 per cent of the 
United States total consumption can be 
obtained from domestic sources, forcing 
the country to depend more and more upon 
imports of quebracho and mangrove. There 
have been recent attempts by the Depart- 
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The canaigrc plant. Rumex hymcnosepnhis, an 
annual whose root is an important potential source 
of tannin. (Courtesy Economic Botany.) 


ment of Agriculture to develop new domes¬ 
tic sources of tannin, but without notable 
success, because of high labor costs. At¬ 
tempts are also under way to hybridize 
stock of the native chestnut with the dis¬ 
ease-resistant Japanese species, but it seems 
unlikely that the chestnut will ever again 
be an abundant forest tree in America. 
■/Canaigre. To build up a steady domestic 
natural tannin source, it is obviously im¬ 
practical to turn to plant species from the 
wood or bark of which the tannin must be 
obtained. Such plants are generally trees, 
requiring many years to reach harvestable 
proportions. Therefore recent attention has 
focused on certain annuals capable of being 
cultivated as are other farm crops. The 
most promising plant of this type is canaigre 
or tanner’s dock, Rumex hymenosepalus, 
of the Polygonaccae, native to the south¬ 


western United States. The several fleshy 
roots of this plant, much resembling pars¬ 
nips, are reported to contain 25 to 35 per 
cent tannin (dry weight). The tannin is 
extracted from pulverized roots by water 
solvent with centrifuging, followed by fer¬ 
mentation to remove the soluble sugars. 
Plants are ordinarily propagated by separa¬ 
tion of the crowns in the autumn. They can 
be mechanically handled, cultivated, and 
dug, and are treated in the United States as 
an annual crop for harvest the summer 
following planting. Yields under favorable 
conditions are as much as ten tons per 
acre. If rise in tannin prices or shortage of 
overseas supplies ever dictates large-scale 
domestic production of tannin, canaigre 
appears to be the most promising source. 
It is cultivated today only to a minor extent, 
for it has been unable as yet to compete 
with imports such as quebracho and man¬ 
grove. But as uses for by-products are found 
and improved mechanical techniques are 
developed, the cost of canaigre production 
wiU doubtless decline. 

oUmac. A Sicilian sumac, Rhufi j &rifiru ?, 
of the Anacardiaceae, has for years been of 
modest importance in the world tannin 
trade. Tannin is extracted from the leaves 
of this plant, which are reported to contain 
up to 35 per cent tannin. The success with 
this sumac of southern Europe as a tannin 
source has encouraged experiments under¬ 
taken to determine whether the wild sumacs 
of the United States have commercial po¬ 
tentialities. Some success has been had with 
aromatic sumac, Rhus aromatica (leaves 
about 21 per cent tannin, dry weight); 
dwarf or shining sumac, R. copallina (leaves 
about 33 per cent tannin); smooth sumac, 
R. glabra (leaves about 26 per cent tannin); 
and staghorn sumac, R. typhina (leaves 
about 24 per cent tannin); all of which, 
however, produce a tannin that gives a 
poorer leather color than does that obtained 
from the Sicilian species. The leaves are 
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collected by hand in the autumn (collection 
is almost exclusively from wild plants, al¬ 
though it has been shown that planting and 
machine harvest are feasible for at least R. 
glabra), dried, pulverized, and subjected to 
aqueous extraction. The tannin so produced 
is quite suitable for tanning pale leathers 
(moroccos, roans, and the like, for book¬ 
binding, gloves, fancy shoes), ff the domestic 
tannin industry should ever become oi suffi¬ 
cient importance, there is no doubt that 
yields and perhaps quality of tannin from 
native sumac could be improved by selec¬ 
tion and breeding programs and by better 
gathering, curing, and^Jrandling under a 
system of culmittSm Yields of a ton of 
leases^pfp^rcre are readily possible. 
^Hemlock. The eastern hemlock, Tsuga 
canadensis, of the Pinaceae, was the most 
important tannin source in the early United 
Stams^an^Zfeinalned so until methods of 
tannin from chestnut wood were 
developed. Wasteful exploitation, in which 
trees were felled and stripped of bark in 
the woods, the logs left to lie useless, ma¬ 
terially lessened the frequency of this once 
abundant tree of the northeastern United 
States. Centers of production were in Penn¬ 
sylvania and in Wisconsin. The bark con¬ 
tains 8 to 14 per cent tannin, which is 
readily extracted after chipping. The tannin 
is chiefly utilized for heavy leathers such 
as sheepskins and sole leather, either alone 
or in mixture. With depletion of stands of 
eastern hemlock, attention has turned to 
the western hemlock of the Pacific North¬ 
west, Tsuga heterophylla. Bark from this 
species can be obtained in impure form 
(containing as much as 65 per cent wood 
fragments) from pulping mills of Washing¬ 
ton and Oregon. But since logs are usually 
floated to the mills, there is some leaching 
of the more soluble tannins en route, and, 
m the case of salt-water floating, impregna¬ 
tion with objectionable salts. Since strip¬ 
ping the bark in the forest seems economi- 



Fceling oak bark for tannin in Costa Rica. (Cour¬ 
tesy l'. S. Forest Service. From Unasylva.) 


cally impossible in the Northwest because 
of difficulties in handling large logs and in 
transportation of bark, greater utilization 
of western hemlock bark will depend upon 
technological improvements in debarking 
and processing. 

~t)THER Domestic Potentialities. The 
bark of many oaks (Qul*< of the Faga- 
ceac) and of the limited numbers of various 
mangroves (Rhizophora, of the Rhizopfio. 
mceae; Conocarpus, of the Combretaceae; 
etc.), and the roots of palmetto (Sabal, of 
the Palmaceae) found in Florida, offer 
potentialities for tannin production in times 
of necessity. These sources are, however, 
uneconomical to process in the United 
States under ordinary circumstances, al¬ 
though oak tannin has been used to greater 
or lesser extent since colonial times and was 
the only tannin well known in the New 
World until about 1800. The Bay Psalm 
Book of 1640 was, in fact, bound in Massa¬ 
chusetts oak-tanned leather. The colonial 
tanneries were simply holes dug in the 
ground and walled off with heavy planking. 
Hides were placed within, covered with oak 
bark, and allowed to remain six months or 
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Imported tannins. Quebracho.* Que¬ 
bracho tannin, principally from Schinopsis 
Lorentzii, of the Anacardiaceae, is a com¬ 
parative newcomer to the tanning industry, 

• • * « • • 
having been utilized as a commercial tannin 

source for loss than a century and widely 
used only for the last half century. Vet today 
it ranks as the foremost vegetable tannin 
in the leather industry. Since 1891 export 
from Argentina has seldom amounted to 
less than a million dollars in value an- 

r—---“ 

nually. Production comes from the “Gran 
Chaco” of Argentina and Paraguay to 
Bolivia, where today the already depleted 
supply presages an inevitable future decline 
in production. 

Quebracho is indigenous to the open 
forests west of the Paraguay and Parana 
rivers in northern Argentina and Paraguay. 
The climate is subtropical, the terrain flat 
and often swampy, the forest seldom con¬ 
tinuous but rather interspersed with savan¬ 
nah. The ScjujwJ^sjsj^ipe^jnetev the low¬ 
lands, seldom beinj* found except where the 
ground is swampy part of the year and the 
ground water often impregnated with salt 
Trees take about 100 years to reach ma¬ 
turity. The w’ood serves a number of uses, 
such as for posts, construction timber, cabi¬ 
net wood, and the like, but is most valued 
as a tannin source. About 22 per cent of the 
tree substance is tannin. 

Logging takes place in the chaco wilder¬ 
ness, where transportation, labor, and sup¬ 
plies are all deficient. Thus only large, 
adequately capitalized companies can under¬ 
take quebracho exploitation, for access 
roads and railroads, company housing, im¬ 
portation of supplies, and control of dis¬ 
ease must be provided. Logs felled by the 
hired axemen (largely Indian) are usually 
dragged to transportation points on two- 
wheel carts drawn by oxen. At railheads or 
watercourses they are sent on their way, 


originally to foreign markets for tannin 
extraction, but more recently to local ex¬ 
traction plants along the Paraguay and 
Parana. The extraction mills are usually 

J 

portable, but demand ready water supply 
and adequate labor, both of which are un¬ 
certain in the chaco wilderness. 

Only the heartwood of quebracho is used 
as a tannin source. Bark and sapwood, con¬ 
taining only 3 to 8 per cent tannin, are 
usually trimmed away in the forest. Heart- 
wood yields about 30 per cent tannin by 
weight. The wood is chipped on special 
machines designed to cope with its extreme 
hardness. The chips (or sawdust) are me¬ 
chanically conveyed to extraction chambers, 
where steam at high pressure is played upon 
them to produce a heavy, dark liquor. This 
liquor is treated with bisulfide and evapo¬ 
rated to solid form. The cake so produced 
contains 62 to 68 per cent tannin. The tan¬ 
nin is of excellent quality and acts quickly 
in tanning to give strong, firm, tough 
leather. Quebracho tannin is usually 
blended with other tannages. Annual pro¬ 
duction of up to half a million tons of 
extract or its equivalent is possible, with 
about 300,000 tons the reported produc¬ 
tion in 19-15. This production accounts for 
more than half the total movement of tan¬ 
nins in world commerce, most of which 
(roughly two-thirds) is purchased by the 
United States. It is reported that the re¬ 
maining wild stands of quebracho trees are 
sufficient for only about thirty years of 
laroe-scale exploitation. 

"Mangrove. The red mangrove, Rhizo- 
phora mangle, of the Rliizophoraceae, was 
mentioned during the discussion of world 
forests as a strange and abundant colonizei 
of brackish coastal belts throughout the 
world tropics. At low tide the many, aich- 
jng prop-roots of this small tree form a 
weird and impassable tangle above the ooze 


"axc-breakcr” ^u.brar, ,« break; hacha, axe), in reference ,o .he exceedingly hard »ood, 
one of the hardest and heaviest known. 
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of the mud flats. Tropical workers usually 
penetrate the mangrove swamps in small 
boats, cut the trees, and strip the bark. 
Even the leaves, containing appreciable 
amounts of tannin, are locally utilized. The 
chief export, however—one of the world's 
cheapest tannins—is obtained from the 
bark. The bark is transported back to cen¬ 
tralized depositories, and air-dried in dry¬ 
ing sheds for several weeks. It is then 
pulverized and exported directly to tan¬ 
neries, or more commonly is taken to local 
extracting factories, where it is boiled in 
copper extractors. The resultant liquor is 
evaporated to a dark red, vitreous solid, the 
commercial extract, containing 55 to 58 per 
cent tannin. This extract is exported chiefly 
to the Un ited S tates, the world’s greatest 
consumer of tannins. Production comes 
mostly from the East Indies, East Africa, 
and Central America. A few thousand tons 
of mangrove bark are imported annually 
from tropical America, apd several times 
this amount in both powdered bark and, 
more commonly, extract form from Africa 
and the Orient. Because of its omnipresence 
in the tropics, mangrove has been con- 
sideied an “inexhaustible" source of tan- 
N nin. The tannin is mainly used for sole an d 
thick leathers (con veyer belts and industrial 
^leatlie^TT usually in ble^dT^idTl^^ 
oaE; or wattle tannin. It imparts a reddish 
tinge to the leather. Doubtless, in coming 
years more will be heard of this peculiar 
tropical plant as a tannin source, until even 
the tidal swamps will be threatened with 
cutting-over by man’s incessant exploita¬ 
tion of useful wild plants. 

Wattle. Wattle, or acacia negra, is the 
name given to the bark from several species 
of Acacia (A. decurrens and its varieties A 
iealbata, etc.), of the Ugummome, mostly 
native to Australia but now planted in 
various parts of the world (Africa, Ceylon, 
South America). Propagation is usually by 
seed. Tannin from wattle bark has been 



Mangrove. RUhopUora mangle, at low tide. The 
bark is an important tannin source. (Courtesy Chi¬ 
cago Natural History Museum.) 


popular for some time in British tanneries 
and is coming to be much more widely 
grown and used in the New World as well. 
Bark stripping is by hand when the trees 
are five to fifteen years old. Wattle bark is 
said to contain as much as 50 per cent tan¬ 
nin, and may be used directly in dried 
powder form or as an extract. Extraction is 
much the same as for other tannin barks, 
involving drying, pulverization in hammer 
mills, and hot-water leaching. A gum simi¬ 
lar to gum arabic can further be extracted 
from the extract by precipitation with 
alcohol. More than 40 million wattle trees 
have been planted in southern Brazil, yield¬ 
ing about 5,000 tons of extract annually, 
which, along with quebracho and Eucalyp¬ 
tus tannins, supply more than 200 tanneries. 
Wattle is usually employed in the tanning 
of soft leathers, and appears to have con¬ 
siderable future in subtropical areas as a 
cultivated tannin source. In recent years 
plans have been laid to plant about a mil¬ 
lion acres m California to wattle. Whether 
the planting is economically successful will 
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largely depend upon utilization of the by¬ 
products (pulpwood, gum from the extract), 
and development of mechanized operations 
close to the plantations. The United States 
now uses more than 70,000 tons of wattle 

extract annually; it ranks about fourth in 

# 

importance among natural tannins used. 

■'SI'M ac. The Sicilian sumac. Rlius coriaria, 
was mentioned in the discussion of domestic 
sumacs. American tanners import little more 
than a hundred tons ol this tannin extract 
vearlv, chiefly from Italv, for use in tanning 

4 4 4 4 U 

soft, light-colored leathers. 

vCambifr. Gambier or white cutch is a 
resinous extraction from the leases of Vn- 
caria gambir of the Rubiaceae, native to the 
Malay area and the East Indies. The shrubs 
are cropped several times yearly, and the 
"resins," containing 35-40 per cent tannin, 
extracted in boiling water. It finds use in 
dvestuffs, niasticatories and medicinals as 

4 

well as a tanning agent lor all kinds of 
leather. Imports to the United States 
amount to as much as a few thousand tons 
annually. 

^Iyrokai.an. A tropical tannin source in 
which the tannin is derived from a fruit is 
the myrobalan, embracing two or more 
species of Terminalia,oi the Comhretaceae, 
small trees native to India. The fruits are 
harvested unripe. The tannin derived from 
them finds use in blends, principally for 
calf. goat, and sheep skin tanning. It ranks 
about fifth among tannin imports of the 
United States. 

jf)ivi-Divi. Throughout lowland tropical 
America occurs a small tree, the divi-divi, 
Caesalpinia coriaria. of. the Leguminosae, 
from whose fruit is extracted the divi-divi 
tannin. The short, coiled pods, said to 
contain up to 50 per cent tannin, are 
gathered mostly from wild trees by local 
inhabitants and subjected to hot-water ex¬ 
traction. The tannin imparts a yellowish 
tone to leather. Annual yields of as much 
as 300 lbs. of pods per tree are reported 


possible. Most export is to Europe, with 
only a few tons being sent to the United 
States annually. 

4 

Aaloma. Va Ionia is the acorn cup of the 
Turkish oak, Qjuercus aegilops, of the 
Eagaceae, common throughout Asia Minor. 
1 he cup, after sun-drying, contains about 
45 per cent tannin. 1 he tannin is used in 
blends for tanning finer grades of leather. 

The future of the tunning industry. It 

appears likely that most present important 
sources ol vegetable tannins will be ex¬ 
hausted within a few decades. Domestic 
tannin production in the United States has 
already declined sufficiently to lead govern¬ 
ment and private groups to undertake 
serious investigation of newer potential 
tannin sources. American demands for tan¬ 
nin should remain high—at some few hun¬ 
dred thousand tons annuallv-of which more 

4 

than 60 per tent is at present imported. 
Probably chemical tanning will be increas¬ 
ingly utilized: and production of natural 
tannins from canaigre. wattle, and perhaps 
sumac will be increased. For a time, man¬ 
grove tannin production may reach higher 
levels, until the supply of this abundant 
tropical plant nears exhaustion. Probably 
new sources not in use today will be de¬ 
veloped as well, for, as has been said, tan¬ 
nins are not at all'uncommon in the plant 
world. All in all. there can be little per¬ 
manency among, the present important 
vegetable tannin sources, with the dwin¬ 
dling chestnut probably the first to give out, 
followed by quebracho and mangrove. Un¬ 
stable sources and ephemeral production 
can be expected to persist in the industry 
for many vears to come. 

/ J 



At the beginning of this chapter, it was 
stated that the story of natural dyes must 
be written largely in the past, for ever 
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since about 1856, when the Englishman 
Perkin made an indigo-type dye from a 
“useless” coal-tar ingredient, the dve client- 
ist has pushed the dye-plant-grower deeper 
and deeper into obscurity. In all but a leu- 
cases, cpiite satisfactory and significantly 
cheaper dyes have been chemically syn¬ 
thesized than can be derived from cultivated 
or even abundant and cheap wild plants. 


and, reciprocally, madder was a gift of t he 
Mediterranean peoples to India. 

Before the birth ol chemistry, dyes were 
not easv to understand. What mamter of 

4 

substances were these that occurred in 
abundance in many roots, stems, fruits, and 
leaves, but were exceedingly fugacious in 
a delicately colored blossom? Why did some 
stains leach out readily, whereas others 


Todav, then, a book on economic botany 

4 4 

must minimize the topic ol vegetable elves, 
whose history is full of court intrigue and 
whose rise and fall was the stuff of empire- 
while a book on industrial chemistry must 

4 

accent a subject that a mere century ago 
was essentially botanical. The story of 
natural dyes somewhat parallels that of 
spices. It is a story of relatively few Euro¬ 
pean and Mediterranean dye plants, widely 
known and cultivated in western Eurasia 
since before hist orical t imes, quickly de¬ 
clining in importance as the intrepid Por¬ 
tuguese, Dutch, and British rovers of the 
seas brought dramatic oriental products to 
the European markets in the sixteenth to 


formed semipermanent color combinations 
with certain fabrics, and still others de¬ 
veloped color only belatedly upon exposure 
to air (oxidation)? 1 he modern dver knows 

4 

that dye must be applied to the fabric in a 
soluble form, and must be made "fast” 
there—prevented from "running"—by chem¬ 
ical combinat ion w it h i mpregnat i ng chemi¬ 
cals known as mordants or rarely by direct 
combination with the fabric fiber molecules 
themselves. Not only does the mordant. 

• salt, cause the dye to 

"take, but it also helps develop the charac¬ 
teristic color. Several colors are today ob¬ 
tainable from the same dye by use of 
differing mordants, a feat difficult of ac- 


eighteenth centuries. 

Egyptian tombs yield information on the 
earliest dyes known to the Western world. 
Col orings on mummy cerements were of 
saffron and safflower, and perhaps of indigo 
and madder. And hundreds of miles to the 
northwest, woad, a blue dye, ornamented 
the skins of the inhabitants of a primeval 
Britain, before the legions of Caesar first 
crossed the Channel. Indeed, every land 
the world over had its special dye plants to 
contribute to the splendor of early peoples. 
In prehistoric cultures, many of these dye 
plants seem to have been important items 
of commerce and exchange, often referred to 
m the classic writings of the Mediterranean 
countries. The safflower was early brought 
to Mediterr anean cultures from the Orient, 

•Douglas Leechman, Vegetable Dyes from Xani 
01 <*r« plan,, Ld recipi 


—i. . kiiuuiHiy supplied 

man with a diversity ol relatively pure and 
abundant chemicals. Vet even primitive 
man had learned empirically which dyes 
were fast when used on cotton, which on 

flax, and which were too fleeting to be useful 
with any fiber. 

Plants capable of yielding dye are legion, 
and many hard-pressed peoples have had 
to utilize obscure local sources. On the 
frontiers of colonial America, for example, 
walnut and hemlock, smartweed and Osage 
orange, and many other familiar plants 
supplied the shades of yellow, red, and 
brown lor home-woven fabrics .* But these 
a,e not toe dyeTHl international exchange 
and world significance. In this chapter, only 
a few dyes of special historical repute can 
be discussed, such as anatto, indigo, log- 

AmerlCa < S ‘* Pau,: Wcbb Publishing Co.. 1945) lists 
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wood, safflower, saffron, turmeric, and woad. 
1 lie importance of these dyes is today 
slight, for Perkin, in the 1850's, synthesized 
indigo in England, and soon German chem¬ 
ists had perfected aniline dye production 
from coal-tar sources to the point where 
once-great plant-dye ventures fell into ruin 
even before the turn of the centurv. 

I 

Many dyes, whether synthetic or natural, 
are not overly complex chemically. Ma- 
clurin, from fustic, Chlorophora tinctoria, 
for example, is a benzophenone with the 
empirical formula C n H,,,()«. With an alum 
mordant it yields a yellow color: with iron, 
gray; with chromium, yellow-green. In other 
cases the dyes are a variety of glucosides, 
quinones, flavones, or similar compounds, 
and, like tannins, are apparently metabolic 
by-products whose use to the plant is ob¬ 
scure. Dye plants occur in all plant families; 
perhaps the Leguminosae family contains 
the greatest number of prominent examples. 


The dye plants. Indigo. Indigo, or 
anil, the brilliant blue “king of dyestuffs," 
is derived from leaves of Indigofera tinc¬ 
toria and other species of Indigofera, of 
the Leguminosae, extensively grown in 
former times in India but known in the 
form of one or another similar species 
throughout most of the world. The dye 
possesses great natural fastness to both light 
and water and for 4,000 years was one of 
the most popular dyes. Indigo does not take 
on its characteristic color until it under¬ 
goes aerobic fermentation or oxidatio n. 
Consequently, the process of preparation 
involves steeping the freshly cut plants in 
water for half a day and aerating the drawn- 
off solution, usually by means of beaters, 
until the color develops. A blue precipitate 
settles out as beating is discontinued, and 
is heated to prevent further fermentation. 
The filtered sludge, after drying, is formed 
into the indigo cakes of commerce. The 


color factor is known as indican, a colorless, 
soluble glucoside until oxidized. 

The true indigo plant is a tall herb with 
narrow, pinnate leaves, small, papilionace¬ 
ous flowers, and slender pods. In ancient 
India, however, almost any blue dye pre¬ 
pared by a fermentation process was indis¬ 
criminately called indigo. Such dyes were 
used medicinally as well as for coloring. 
That the Indian commerce was of con¬ 
siderable importance is shown by the fact 
that in 1(>31 three Dutch ships brought to 
Holland in the same day some 333,000 lbs. 
of indigo from India, worth the equivalent 
today of about half a million dollars. Vet 
so obscure was the actual plant source of 
indigo that as late as 1705 a British patent 
was granted for “obtaining indigo from 
mines," in spite of the fact that the culti¬ 
vated plant had been introduced into 
Europe as early as the fifteenth century and 
was already displacing woad in Italy. 

A striking instance of economic dictation 
by special interests and man's resistance to 
change is afforded in the contest between 
indigo and woad. Although indigo could 
be proved superior to woad, influential 
woad-growers and distributors caused indigo 
to be prohibited over the entire European 
continent for more than a century. To quote 
from a promulgation of 1577 in England, 
concerning indigo: “...prohibited under 
the severest penalties is the newly invented, 
harmful, balefully devouring, pernicious, 
deceitful, eating and corrosive dye known 
as ‘the devil’s dye’... used instead of woad.” 
A local law in Nuremberg required dyers 
to take an annual oath that they would not 
use indigo. Yet, because of its merits and in 
spite of all attempts to discourage its use, 
by the middle of the seventeenth century 
indigo had become the most popular dye 
in Europe. It was largely imported from 
the Orient and the New World colonies. 
In Carolina, Eliza Pinckney tried to culti¬ 
vate indigo, and in spite of a temporary set- 
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back when a hired grower from the West 
Indies intentionally ruined her plantings 
for fear that they would undercut his home¬ 
land's export trade, she produced indigo of 
such distinction that an exhibit before 
Parliament in London in 1744 influenced 
it to establish a sixpence bounty per pound 
on American colonial indigo. Scientific 
growing of indigo in the New World was 
quickly copied by enterprising Indian pro¬ 
ducers, and once again in the post-Revolu- 
lion period the center of production shifted 
to India as rice and cotton became more 
profitable crops than indigo in the United 
States. A successful indigo industry con¬ 
tinued on the banks of the Ganges until the 
advent o f aniline dyes wrote finis to larg e - 
scale ve getable dve comm erce. 

The woad plant, Isatis tinctoria, 
of the Cruciferae, contains in its leaves the 
same colorless glucoside, in^ican, as its 
unrelated rival of a few centuries past, 
indigo. Woad plants are slender biennial 
or perennial herbs growing 2 to 5 ft. tall, 
with simple, sessile stem leaves and a large 
panicle of small yellow flowers. The species 
appears to have been indigenous to southern 
Russia, but was in cultivation and escaped 
throughout Europe in very early times. In 
cultivation, seed is either drilled or sown 
broadcast, with thinning of the young plants 
to about 10 inches apart and one or two 
cultivations thereafter. Hand picking of the 
leaves commences in early summer. When 
the woad industry was one of importance, 
the freshly picked leaves were taken to the 
rude woad mill and crushed by specially 
designed wooden rollers. The resulting 
pulpy mass was formed by hand into crude 
balls, which were dried in an open, roofed 
shelter. These balls were later pulverized 
at the convenience of the operators, wetted, 
and allowed to ferment for several weeks. 
During fer mentation, extremely foul odors 


are emitted, and so offensive were these 
to the royal nostrils that an English decree 
forbade processing of woad within five miles 
of the country estates of Queen Elizabeth. 
The fermented woad was dried, packed in 
wooden barrels, and dispatched to the 
dyer. Annual yields of (manufactured) woad 
are typically about two tons per acre. 

The dyer provokes further fermentation of 
the processed woad (or indigo) to make it 
soluble. Insoluble indigotine (C 1(! H iri N,,0.,) 
is said to be converted to the colorless indigo 
white (C 16 H 1S N 2 0 2 ). which serves to treat 
the fabric. Woad has been widely used in 
indigo dyeing to supply the proper ferment 
(enzyme) to catalyze this reaction. The char¬ 
acteristic blue color develops only upon 
oxidation of the indigo white, which occurs 
with exposure of the dyed fabric to air. 

Discussion under indigo related that the 
ease and cheapness with which that dye 
could be produced in colonial areas, and its 
more vivid color, soon caused an under¬ 
cutting of the market for woad, in spite of 
prolonged and strenuous efforts to protect 
the industry in Europe. Quite obviously, 
woad production can find little place in 
modern economy because of the immense 
amount of hand labor it requires (it does 
however, have limited use as a starter for 
mdigo fermentation). Yet in Europe after 
the Middle Ages woad was a basic item of 
commerce, particularly in Central Europe 
The Saxon town of Erfurt, Germany, for 
example, became wealthy enough through 
the woad trade to establish and maintain 
its own university, in 1392. Large exports 
continued to be made to England through¬ 
out the fourteenth, fifteenth, and sixteenth 
centimes. Woad has been used in the paints 
of some of the worlds most famous painters 
and, among the ancients, as a medicinal for 
ulceis and many other sqrts of ailments, 
internal as well as external. 


#t . — " VM ^-AlClUiU. 
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Maddf.r. The brilliant red of madder or 
"turkey red,” obtained from the root of 
_J$MliUU jinctorum ^arfd other cultivated 
species ol the Rubiaceae, has been a symbol 
of courage and a favorite of man since 
earliest times in the Far and Near East and 
throughout the civilized world, until its 
displacement by synthetics in the late nine¬ 
teenth century. Madder is a weak, herba- 

4 

ceous shrub, with angular, armed stems; 
opposite, entire leaves; yellow flowers; and 
blackish, berry-like fruits. The dve is found 
principally in the cortex of the long, slender 
roots, in the form of 'glucosides that are 
readily broken down to yield alizarin (the 
most important dye material) and purpurin. 
Plants are ordinarily grown one to two years 
before the roots are dug. The roots are 
washed, dried, pulverized, and, formerly, 
were marketed in the powdered form in 
casks or linen sacks. An infusion from the 
powder gives the brilliant scarlet of “turkey 
red." Depending upon the choice of mor- 
dant, madder can be made to yield red, 
pink, orange, lilac, black, or brown shades, 
fast to both light and water. 

Madder was well known as a dye plant in 
I ^dia before historical times, and later was 
an important item of commerce from India 
and the Near East (Baghdad) to western 
Europe. In the late Middle Ages the plant 
was introduced into Europe, which resulted 
in a diminishing market for oriental roots. 
By the fifteenth century, when Portuguese 
ships brought the dyes of the Western world 
into Europe, the center of the dye (and 
most other) commerce shifted forever away 
from the tedious, overland routes through 
Baghdad. From about 1500 almost until 
synthetic dyes sprang upon the world, the 
foremost madder-growing country was Hob 
land—land of the world's most skillf ul tev 
labricato rs.jl he canny Hollanders tocft” 
to vegetative propagation of the madder, to 
insure continuance of the best hereditary 


lines, and practiced the finest agricultural 
methods known to the world of that dav. 

J 

Of course today the world no longer relies 
upon madder, but utilizes synthetic alizarin, 
more effective and only one-fourth as costly 
as the turkey red from the famed madder 
plant, once one of the two most important 
dye plants. A very minor demand for mad¬ 
der still exists, by painters desiring natural 
pigments and by some physicians who still 
credit madder with therapeutic virtues. 

Logwood. Logwood dye, from Haema- 
toxylon cnmpechianum, of the I.eguminn- 
sne, serves as an example of an important 
dye that is extracted from wood. The species 
is a small, gnarled, and thorny Caesalpina- 
ceous tree, with pinnate leaves, small leaf¬ 
lets, and modest yellow flowers. Logwood 
grows naturally throughout Mexico, Central 
America, and the Caribbean area, and is 
cultivated in Mexico, Santo Domingo, and 
Cuba. It has also been introduced into 
other tropical regions. Propagation is by 
seed. 

The red heartwood, after removal of bark 
and sapwood, yields the dark purple liaema- 
toxylin dye and appreciable amounts of 
tannin. Extraction from chipped wood, 
either processed near its source or exported, 
may be accomplished by steam under pres¬ 
sure (which gives best results, but also many 
impurities); by boiling under atmospheric 
pressure; or by simple diffusion in standing 
water. 

Logwood was long an important Euro¬ 
pean import, although not to the degree 
that indigo, woad, and madder were; at 
times as many as 40 thousand tons of 
haematoxylin have been produced annually. 
The use of this dye fell off with the develop¬ 
ment of synthetic substitutes, but during 
World War I, when German aniline experts 
were cut off, logwood again began to appear 
in American ports in considerable quantity. 
It still finds more use than most natural 
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Annatio, Itixa orcUann. (Courtesy Chicago Natural 
History Museum.) 


dyes, as a histological stain, for ink, and as 
a special-purpose dye. 

'Annatto. The annatto of commerce 
comes from the orangish pulp surrounding 
the seeds of Bixa Orellana, of the Bixaceae, 
said to be native to Brazil but today intro¬ 
duced into and naturalized through most of 
the world tropics. The small, shrub-like, 
trees are quite ornamental, having heart- 
shajed leaves, spacious terminal panicles 
of large, mallow-like, pinkish flowers, and 
globose capsules armed with soft spines. The 
plants seem to thrive in moist locations; for 
example, they are quite abundant along 
drainage ditches in the eastern Chaco of 
Paraguay. Under cultivation the species is 
propagated by seed. 

Reportedly, two pigments, bixin and 
orellm, occur in the seed pulp. In extrac¬ 
tion the seeds and pulp are stirred in water 
(or other suitable solvent, such as chloro¬ 
form) until the pulp is well dissolved. Debris 
is filtered away and the solvent evaporated 
to a paste-hke consistency. This paste is used 
principally as a food coloring (imported 
into the United States for coloring cheese. 


Safflower, Carthamus tinctorius, the dried flower 
heads of which are a source of red and yellow dyes, 
and the seeds an edible drying oil. (Courtesy Eco¬ 
nomic Botany.) 


butter, and, formerly, margarine); a condi¬ 
ment (tropical peoples often use annatto 
on rice-to the benefit of the average tropi¬ 
cal diet, deficient in vitamin A, for the dye 
contains about 2 per cent of that vitamin); 
a yellow or red dye (for soap, pomades, 
various fabrics, chocolate, and the like; and, 
among primitive tribes, as a skin paint, 
perhaps to some degree also useful as an 
insect repellent); and locally as a remedy 
for skin diseases and burns. Jamaica, Ecua¬ 
dor, India, and Brazil are the world’s 
principal producers of annatto. The United 

States imports about 500 tons of annatto 
annually. 

Saffron. Saffron was the principal yellow 
dye of the ancients. Strangely, it is derived 
from the elongate stigmas of the saffron 
crocus, Crocus sativus, of the Iridaceae, an 
autumn-flowering plant native to Asia 
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Minor. About four thousand stigmas are 
needed to yield an ounce ol dye: conse¬ 
quently, it is no wonder that saffron soon 
disappeared from the market when compa¬ 
rable yellow dyes from other, cheaper, 
sources were developed. Saffron is used in 
medicinals, as a flavoring, and in perfumes, 
as well as a dye: and for these purposes it is 
still cultivated today in limited quantities 
(see Chapter 11). 

Safflower. The safflower, Carlhamus 
tinctorius, of the Compositae, is a thistle¬ 
like plant, the first important substitute dis¬ 
covered for saffron. The dye is obtained 
from the yellow or orange (lower heads. 
Individual flowers are hand-picked when at 
full bloom, and either dried in the sun or 
kneaded in water and then dried. The red 
dye derived is weak, and serves chiefly to 
fix soluble yellow colors. The species is 
believed indigenous to southern Asia, and 
has long been cultivated there and in Egypt, 
where it has served as food and medicine, 
as well as dye. During the Middle Ages, the 
plant was cultivated in Europe. In the days 
of Spanish hegemony, it was introduced 
into the New World colonies. But owing to 
the tedious labor required in handling the 
flowers, and the impermanent nature of the 
dye, the plant was abandoned as an im¬ 
portant dye source even before the develop¬ 
ment of synthetics. It is, however, still 
cultivated and used locally in India today. 

Turmeric. Turmeric, like saffron, finds 
more use today as a condiment and a food 
color than as a textile dye (see Chapter 11). 
The orangish, fleeting dye it yields is ob¬ 
tained by solvent extraction from the 
powdered rhizome of species of Curcuma, 
of the Zingiberaceae, long grown in China, 
India, and the East Indies. Once used to 
dye cotton, wool, and silk, turmeric serves 
today many of the same purposes as annat- 
to—in the coloring of foods and in the mak¬ 
ing of curries, and as a chemical indicator. 


Partial listing of other vegetable dyes. 

Agrimony— yellow dye from rhizome of Agri • 
mania striata , of the Hosaceae. 

Alder- brownish dye from bark of Alnus 5/;., 
of the Betulaceae. 

Alkanna- red dye from roots of Alkanna tine • 
toria . of the lUnaginaceae. 

Archil, orchil, orseilles , or cudbear— important 
red dye from fermentation of the Lichen genus, 
lioccella. 

Harwood or camwood—red to blue dye from 
wood of Baphia nitida , of the Leguminosae. 

liearberry— yellowish dye from leaves of 
Arctostaphylos uvaursi , of the Ericaceae. 

Bedstraw- yellow to red dye from roots of 
Galium sp., of the Rubiaceae. 

Bloodroot— red dye from root of Sanguinaria 
canadensis, of the Papavaraceae. 

Blue ash- faint blue dye from leaves and 
twigs of Fraxitius quadrangulata, of the 
Oleaceae. 

Blueberry- blue or gray dye from fruits of 
Vaccinium sp. of the Ericaceae. 

Brazilwood-reddish dye from the wood of 
species of Caesalpinia, of the Leguminosae, 
originally much sought after the discovery of 
Brazil and responsible for giving that country 
its present name. 

Broom sedge-yellowish dye from leaves of 
Andropogon virginicus, of the Gramineae. 

Buckthorn-greenish dye from fruit of Rliam- 
nus cathartica, and It. in fee toria, of the Rhatn- 
naceae. 

Buckwheat—h\nc dye from stems of Fagopy- 
rum esculentum of the Polygonaceae. 

Bufialoberry- red dye from the fruit of 
Shepherdia argentala, of the Eleagnaceae. 

Butternut- yellow to gray dye from bark or 
husks of Juglans cinera, of the Juglahdaceae; 
black walnut, J. nigra, can be similarly used. 

Cochineal-red dye from a cactus parasite, 
the insect Coccus cacti. 

Cu/c/i—brown or olive dye from stem exuda- 
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lion of species of Acacii, of the Leguminosae; 
also from Vmaria garnbir, of the Rubiaceae. 

Fustic— yellowish or olive dye from heart- 
A’ood of Chlorophora limtoria. of the Moraceae: 
young fustic is a substitute from the twigs of 
Col in us coggygria, of the Anacardiaceae. 

Gamboge— yellow resin-dve from species of 
Garanin , of the Guttiferae. 

Greenwood, dyer's or Kendall green—yellow to 
green dye from all parts of Genista tincloria , 
of the Leguminosae. 

Henna— orange dye from leaves and young 
shoots of Lawsonia inermis, of the Lythraceae. 

Litmus— pink to blue dye obtained from the 
Lichen, Roccella tincloria; partly synonymous 
with archil. 

Lokao- green dye from wood of species of 
Rhamnus, of the Rhamnaceae . 

Madrona- brown dye from bark of Arbutus 
menziesii, of the Ericaceae. 

Maple-rose dye from bark of Acer rubnun 
and A. platanoides , of the Aceraceae. 

Osage orange-yellow-orange dye from wood 
of Madura pornifera , of the Moraceae: like 
fustic. 

Persian berries- yellow to green dyes from 
unripe fruit of Rhamnus infectoria, of the 
Rhamnaceae. See Buckthorn. 

Poke-red ink from fruits of species of Phy¬ 
tolacca, of the Phytolaccaceae. 

Quercitron—yellow or buff dye from bark of 
species of Quercus , of the Pagaceae. 

Sandalwood , red , or red sandevswood- red dye 
from the wood of Pterocarpus sanlalinus, of the 
Leguminosae . 

Sappanwood- red dye from heartwood of 
Caesalpinia sappan , of the Leguminosae. 

Weld or dyer's rocket- reddish to yellow dye 
from all parts of Reseda luteola , of the Reseda - 
ceae, a type of mignonette. 


Summary of the vegetable dye indus¬ 
try. As has been said, the heyday of natural 
dyes was in the past, when vegetable dyes 
made fortunes lor growers and traders, in¬ 
fluenced political trends, and were instru¬ 
mental in opening up parts ol the world to 
colonization or in bringing other parts into 
the orbit of empire. Coloring materials 
been in such demand throughout the his¬ 
tory of mankind, and their use is so in¬ 
grained in man's customs, that they can 
thought of today as a necessity. The demand 
for dyes will never fail; but there is little 
likelihood that natural dyes will ever offer 
appreciable competition to the synthetic 
coa l-tar ind ustry. The only vegetable dyes 
that still have minor importance are log¬ 
wood, fustic, and annatto. Of the hundreds 
of possible dye sources in plant roots, stems, 
leaves, flowers, and fruits, many score have 
at some time or other been utilized and 
have been of at least local importance. But 
all except a few of these have been dupli¬ 
cated synthetically, and of the great dyes of 
international trade from the Middle Ages 
until the nineteenth century-particulary 
woad, i ndigo, and madder-none have been 
able to withstand competition from their 
cheaply produced, standardized aniline 
counterparts. A few artists and isolated 
advocates of natural dyes maintain that 
synthetic dyes are garish and harsh, but 
the inexorable factors of cost and facility 
of production dictate acceptance of syn¬ 
thetics in any modern economy. 
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CHAPTER 11 


Essential Oils For Perfumes, 
Flavors, And Industrial Uses 


Essential oils, like tannins, are derived 
from a class of substances widely distributed 
through the plant kingdom, and unusually 
frequent or abundant in several unrelated 
plant families, such as the Labialae, Ruin- 
ceac, Geratiiaceae, Umbelliferae. Compo¬ 
site, Lauraceoc, Gramineae, and Legnmi- 
nosae. Essential oils consist chemically of a 
variety of organic substances, including 
benzene derivatives, terpenes (C:H ratio 
usually 5:8 as C, U H, 0 ; empirical formula 
of camphor, C|„H lti O), and various other 
hydrocarbons and straight-chain compounds 
(sometimes containing sulfur or even nitro¬ 
gen atoms). In comparison with other oils, 
essential oils have smaller molecules, ordi¬ 
narily less than twenty carbon atoms long. 
They are typically liquid and possess an 
aromatic fragrance, owing to their volatili¬ 
zation (evaporation) upon contact with air. 
They may be readily extracted from plant 
tissues by steam distillation, expression, 
absorption into lats, or solvent extraction; 
but they require mild separation techniques, 
since many of them are unstable and be¬ 
come altered under rigorous physical and 
chemical treatment. Upon crude separation, 
the essence is commonly mixed with small 
quantities of various acids, bases, phenols, 
ketones, aldehydes, and the like, the pres- 

2^C 


“nee of which may effect the delicate nuance 
of fragrance so desired in certain oils. 

Again as with tannins, the utility of 
essential oils to the plant itself is obscure. 
They serve to some extent to attract insects 
(flower fragrance) or repel animal depreda¬ 
tion (irritating or offensive secretions, like 
that of poison ivy). Possibly they also have 
an antiseptic or regulative value. In plant 
metabolism they appear useful as moder¬ 
ately reactive intermediates capable of being 
oxidized, reduced, estcrified, or compounded 
in larger molecules. Frequently they are 
considered to be hydrolysis products of 
complex glucosides. By and large they can 
be thought of as by-products of carbohyd¬ 
rate and fat metabolism-rather readily 
accumulated, yet, once formed, not so ready 
to enter the main stream of metabolic 
activity. 

Essential oils are most frequently found 
as floral essences, but are not uncommon in 
leaves, bark, fruit, and seeds, or even in the 
wood of stems and roots. Frequently dif¬ 
ferent parts of the same plant, such as 
leaves, bark, and root, yield different 
though similar essential oils. The oils are 
mostly secreted into special glands (the oil 
commonly forming in cells lining the gland 
or cavity, and passed by these through their 
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cell walls), or between the cell wall and 
cuticle of epidermal hairs, where the slight¬ 
est breakage of the cuticle permits volatili¬ 
zation and brings out the characteristic 
fragrance. Glands frequently appear as 
translucent dots in leaves or tissues (termed 
pellucid-punctuate) when viewed against 
the light. Age, growth, and climatic condi¬ 
tions have all been shown to affect the fre¬ 
quency of glands and the quantity of essen¬ 
tial oil contained in plant tissues. 

Historically, the essential oil industry 
originated in the East, as have so mam- 
enterprises based upon plant products. 
Centuries before the birth of Christ the 
technical basis lor essential oil production 
was well established in Persia, India, Egypt, 
and other parts of the Orient. The Greek 
historian Herodotus (481-125 b.c.) mentions 
the distilled oil of turpentine; and trade 
between Greece (and later Rome) and the 
Orient was carried on in essences that had 
been trapped in fatty oils (a primitive ex¬ 
traction or “enffeurage" process). By the 
late Middle Ages distillation of essential 
oils had become quite general in Europe, 
with the production of oils of juniper, rose¬ 
mary, lavender, and turpentine being par- 
ticularly prominent. With the birth of 
chemistry die essential oil industry was 
ushered into its modern phase, in which 
chemical compositions have been deci¬ 
phered and chemical synthesis in many 
cases effected. The most important essential 
oil produced in North America has ahvavs 
been turpentine: the profound influence of 
turpentining to yield both rosin and oil of 
turpentine on the early history of the 
American colonies has been discussed in a 
preceding chapter. Apart from turpentine, 
citrus, peppermint, and spearmint oils are 
the only other essential oils to have attained 
even modest production importance in the 
United States (although this country did 

import nearly 3,000 tons of essential oils 
m 1948). 


The modern essential oil industry em¬ 
braces methodologies ol both the antiquated 
[>ast and up-to-the-minute technology. Most 
essences are ol comparatively minor com¬ 
mercial interest, and are usuallv taken from 

* 

wild aromatic plants or from small, scat¬ 
tered plots planted by natives or rural 
peoples. This phase ol the industry is a 
family one, with labor costs of little con¬ 
sequence. Production is a "backwoods" af¬ 
fair from a diversity ol small production 
centers, lacking uniformity in manufacture 
and handling. Marketing is haphazard, 
through local intermediaries; and supply, 
demand, and prices are largely interdepend¬ 
ent. 

But in certain less frequent cases, pro¬ 
duction of essential oils forms the basis for 
large-scale industry (viz.. French perfume 
and American citrus oil industries). Then 
skilled, mechanized planting and harvest¬ 
ing are practiced; modern engineering 
techniques and production-line methods ap¬ 
plied, and plant breeding and technological 
iesearch maintained. Oils so produced are 
of uniformly high quality, and in constant 
supply at relatively stable prices. But, be¬ 
cause of labor and overhead costs and con¬ 
siderable capital investment, operating 
expenses remain high. Only where large, 
year-round sources of raw materials, easily 
transportable to the factory, yield an essen¬ 
tial oil constantly in demand at a com¬ 
paratively high price, can such factory 
methods succeed in competition with the 
traditional method of production described 
tn the preceding paragraph. 

Uses of essential oils are varied. Probably 
most notable is their use for perfuming 
soaps deodorants, and toilet preparations, 
and for flavoring various food and bever- 
age products and tobacco. Essential oils 
also sometimes serve as antiseptics and 
stimulants, as ingredients in medicinals. as 
a laboratory reagent, as solvents in the paint 
industry, as insecticides, and as a component 
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of polishes, pastes, ink, glue, and the like. 
1 he same essential oil may frequently find 
use in several of these fields. 

Extraction or production methods. For 

mankind’s multifarious needs, essential oils 
must often not only be separated from the 
solid portions of plant tissues, but must be 
further concentrated to comparatively pure 
form. Four basic systems for accomplishing 
this aim are in use: distillation, cold fat 
(enfleurage) extraction, solvent extraction, 
and expression. Occasionally a combination 
of these methods best fits the need, as when 
expressed oils are purified by distillation. 
Distillation has always been the most widely 
practiced method of essential oil produc¬ 
tion; but enfleurage is called for to trap 
such delicate essences as are utilized in per¬ 
fumers', which would be altered or destroved 

• J 

by distillation. Solvent extraction is a more 
recent process; it shows considerable prom¬ 
ise and is in many cases invading fields 
where distillation or enfleurage were for- 
merly customarv. 

1. Distillation. Distillation, as the most 
important process for obtaining essential 
oils, merits first attention.* The most pre¬ 
cise distillation methods have been devel¬ 
oped in Germany. Two general distillation 
processes are practiced. Where the essential 
oil is immiscible (i.e., will not “dissolve" in 
water), steam distillation or boiling may be 
practiced; the distillate separates out as a 
layer of oil separate from a layer of water. 
This type of oil extraction was mentioned 
under the discussion of turpentine. On the 
other hand, where water and various com¬ 
ponents of the essential oil mixture are 


miscible, it becomes necessary to use frac¬ 
tionation or rectification techniques. These 
depend upon different “boiling" or vola¬ 
tilization temperatures of the components 
to effect separation. 

In order to isolate an essential oil by the 
first-mentioned method, hot water or live 
steam is injected into a still charged with 
an aromatic plant.f Under the influence 
of the boiling water or steam, essential oil 
will be freed from the oil glands in the plant 
tissue. Both water and essential oil va¬ 
porize, to be condensed by an adjacent con¬ 
denser and drained into a proper receptacle, 
where the oil separates automatically, above 
or below the water, depending upon its 
density. Steam or water is continuously 
charged into the still until all essential oil 
has been vaporized and until the distillate 
forming in the condenser is essentially pure 
water. In most distillations, the plant ma¬ 
terial, unless very thin (flowers, leaves), is 
first macerated or fragmented (comminuted) 
to assure the exposure of all glandular tissue 
to steam or hot water. For example, seeds 
and fruits which contain the essences in 
deeper tissues are usually crushed before 
distillation in order to rupture as many 
cells as possible. Distillation must follow 
soon after crushing, however, for care must 
be taken in all stages from harvest to final 
distillation of any essential oil that undue 
exposure does not permit differential or 
excessive evaporation of ethereal elements. 

In the second method, involving frac¬ 
tionation, plant materials may sometimes 
be directly distilled; but more commonly 
mixtures of essential oils produced by the 
foregoing method are isolated and purified. 


• In (he United States the chief essential oils obtained by distillation are: turpentine, from the gum 
[ Pin,is palustris; peppermint, from the leaves of Mentha piperata; eucalyptus, from the leases o 
ucalyptus sp.; cedar, from the hcartwood of Juniperus virginiana; engeron, from the enure p am 
rigeron sp.; witch hazel, from twigs of Hamamelis virgin,ana: wormwood, from the entire pi 
rternisia absinthium; and lemon grass, from leaves of Cxmbopogon atratus 
f Some stills simply have the plant material floating in boiling water: other ‘Yl« 
latcrial on a screen above the lioiling water, in direct contact only with the water po ( ). ) 

[hers arc equipped to introduce steam alone into the still, with no boiling water present. 
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In its simplest form the process involves a 
gradual increase in temperature of the mix¬ 
ture, during which the more volatile oils 
distill first and the less volatile components 
progressively later. Several distillations may 
in some cases be necessary to attain the 
desired degree of purity in the distillate. 
The same result is readily achieved in in¬ 
dustrial plants by use of a fractioning col¬ 
umn in conjunction with a constant pressure 


absorption of the essence from several dozen 
successive batches of flowers collected 
throughout the entire blooming season of 
the species, the saturated fat is subjected 
to alcoholic extraction, which dissolves the 
trapped essential oil but not the insoluble 
fat. The alcohol solution is then suitably 

S 

concentrated to yield the perfume oil. A 
pound of concentrated oil may be worth 
several thousands of dollars. 


(vacuum) or constant temperature retort. 

Spent plant material from any distillation 
may be used for fuel, fertilizer, or in cattle 
feeds. Its value, of course, depends upon 
the material in question and the demand 
for it in the part of the world where it 
is produced. 

2. Enfleurage or Cold Fat Extraction. 
Where distillation may have deleterious ef¬ 
fects on an essential oil through hydrolysis, 
polymerization, or resinification, or where 
delicate oils become “lost" in large volumes 
of water or are no longer produced by flow¬ 
ers killed in boiling, enfleurage is usuallv 
practiced. The center of enfleurage extrac¬ 
tion is Grasse, Provence, France, where a 
picturesque community produced the "na¬ 
tural flower oils" essential to the famous 
French perfume industry. Cultivation of 
flowers for perfume is the chief agricultural 
pursuit in the vicinity of Grasse, with up¬ 
wards of 60,000 acres being devoted to 
nothing but the growing of perfume flowers. 
Basically, enfleurage consists of applying 
fresh flowers (or aromatic parts) to glass 
plates covered with pure tallow or lard, 
highly absorptive of floral essences. The 
Plates are piled One above the other on 
square woodefi frames or “chassis," so that 
aifagranee emanating trom the «owers - 
Will be held m an essentially airtight com- 
partment proximate to a layer of fat 
Depending upon the species, the flowers 
continue to produce fragrance for as much 
as two days, after which they are removed 
and replaced by a fresh batch. Following 


Liiucui.igc is piacuceu in cool cellars. 
-Special attention is given to the preparation 
of an odorless fat, of just the right degree 
of hardness: it must not engulf the flowers, 
yet it must be soft enough to come into in¬ 
timate contact with the delicate floral parts. 
Usually a mixture of one part of tallow to 
two parts of lard is used. Purification and 
preparation of the absorptive fat, termed 
“corps," is carried on during the winter 
months in anticipation of the next flowering 
season. All flowers with which the corps is 
charged must be removed as soon as they be¬ 
gin to wilt, to avoid the introduction of 
objectionable odors. Few substitutes for 
hand labor have ever been devised for this 
process. Skilled women, tweezers in hand, re¬ 
move every single flower from the fat-covered 
glass plates and charge these anew with 
fresh flowers; this goes on daily for a period 
of as much as two or three months. Recently 
there has been an attempt to develop a 
suction apparatus to effect flower removal 

From time t0 time the corps 

with metal combs in order to increase and 
Change the surface. The saturated or nearlv 
saturated corps is finally removed from 
Ure glass plate with a spatula, carefully 

m Led, a " d “°red » sealed containers 

This final product ts spoken of as “pomade,” 
and in times past was utilized directly with¬ 
out urther treatment. More recently, al- 

i tLT? ^ bee " made - b V birring 

dedmed ” XV ' n ' <layS in s P«''aHy 
designed containers. This may be done at 

Grasse, or the pomade may be shipped' “ 
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was frequently done in the past, to manu¬ 
facturers in Paris, London, Berlin, and New 
5ork. Several washings with alcohol are 
performed, after which the fat is completely 
odorless; it cannot he re-used for enfleurage, 
and is usually made into soap. 

In olden times a hot-fat method of ex¬ 
traction was practiced. Certain flowers, such 
as orange, violet, and acacia, which hydro- 
li/e no further essence after they are picked, 
were macerated and immersed in hot fat 
(at a temperature of about 80° C.) Absorp¬ 
tion of the essential oil took place the same 
way as in the enfleurage process, and the 
pomade was similarly handled. This method 
has been superseded by solvent extraction, 
a process discussed below. 

3. Solvent Extraction. Although sol¬ 
vent extraction is a “recent" process in 
essential oil production, it had been shown 
as early as 1835 that volatile solvents could 
he used to extract essences from flowers 
mote conveniently than could hot fats. The 
solvent method, once developed, was quickly 
adopted for processing all types of perfume 
flowers that do not continue to produce 
fragrance once they are picked. The basic 
method of solvent extraction is very simple: 
fresh flowers are charged into specially 
constructed extractors at room temperature 
and treated with a carefully purified solvent 
(usually petroleum ether). The solvent pen¬ 
etrates the flower tissues, dissolving out the 
essential oil along with traces of certain 
other “impurities.” The solvent is then 
evaporated oil, usually in vacuo, leaving a 
residue consisting largely of flower oil. At 
no stage is heat applied, so that the essence 
is not subject to heat alteration, as it might 
be during distillation. The chief disad¬ 
vantages of the process are the need for 
comparatively elaborate and expensive 
equipment and for precision control by 
trained supervisors. Hence solvent extrac¬ 
tion will probably never replace distillation 
in rural areas or among backward popula¬ 


tions. For low-price oils the process is un¬ 
economical, in that a considerable amount 
of purified solvent is unavoidably lost-an 
amount that might perhaps represent the 
difference between profit and loss in the 
enterprise. 

Ideally the solvent used for solvent ex¬ 
traction should be cheap, nonabsorbent of 
water, chemically inert to the degree that 
it does not react with the essential oil while 
still being a complete and quick solvent for 
it, and sufficiently volatile to evaporate 
readily without heat but not so volatile as 
to result in undue waste through evapora¬ 
tion. No solvent yet discovered has com¬ 
pletely satisfied all these requirements, the 
one most nearly fitting the need being 
highly purified ether from certain American 
petroleums. Ether does, however, have the 
disadvantages of flammability and high 
volatility. Less satisfactory than ether are 
benzol and alcohol. 

Extractors for the process may be station¬ 
ary or rotary, commonly with a capacity of 
about 1,200 liters and holding up to 200 
kilograms of flowers. Three or four wash¬ 
ings with solvent are usual, the later wash¬ 
ings being advanced to earlier position with 
subsequent charges of flowers. About five 
hours are required for processing a batch 
of flowers, including final steam distillation 
of the spent material to recover solvent. 
The concentrated washings are filtered, then 
evaporated in a water-bath type of “still” 
in which the temperature never reaches 
60° C. Final concentration is in vacuo; if 
desired, waxes or albuminous impurities 
may be precipitated out. 

4. Expression. Expression of essential 
oils is practiced in certain special cases, as 
in the production of citrus oils from the 
juices and waste rinds from citrus canning 
factories. In general, expression involves 
squeezing any plant material at great pres¬ 
sures in order to press out the oils or other 
liquids; the process is carried out by hand- 
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operated presses or crushers in isolated rural 
areas or by gigantic mechanical presses in 
industrial centers. In the production of 
citrus juices the oil is unavoidably expressed 
from the rind at the same time the juice is 
extracted from the fruit. The oil is then 
separated from the juice by centrifuging. 

Storage of essential oils. Most essential 
oils exhibit deterioration (oxidation and 
polymerization) upon prolonged exposure 
to air and light. Hence producers ordinarily 
keep the oils in closed, completely filled 
containers, and perfumers in particular 
store their valuable essences in hermetically 
sealed bottles kept in dark, cool cellars. 
Without such precautions essences become 
less intense, grow darker and more viscous, 
develop a bleaching effect, and eventually 
change into a brown, odorless resin. 


turies has given rise to vogues and practices 
that at times reflected a practical need and 
at other times approached the ridiculous. 
In days when sanitary facilities and per¬ 
sonal hygiene were little considered, essen¬ 
tial oils not only masked offensive odors but 
doubtless served antiseptic purposes as well. 
At the other extreme, from.times antedating 
the Christian era up to prerevolutionary 
France, one can find record of the profligate 
and foppish use of essences to the point of 
utter absurdity. It is said that among the 
idle tich of the Greek civilization, manners 
dictates! use of differing and special per¬ 
fumes for various parts of the body; and 
at the French court of Versailles, the king 
himself supervised the proper blending of 
essences for the royal bath, for which there 
was designed a different formula for every 
day of the year. 


The essential oil plants. It is extremely 
difficult to classify essential oils by use, for 
many, indeed most, serve many purposes or 
at least are potentially capable of doing so. 
Nevertheless, in the following pages es¬ 
sential oil plants will be grouped for con¬ 
venience into three general categories, based 
upon the most common use to which the 
oil is put. A few of the essential oils in each 
group will be discussed as representative 
of the group. Of the multitudes of other 
oils finding greater or lesser use-for es¬ 
sential oils and the differing plants from 
which they are extracted are extremely 
numerous-space will permit merely a list¬ 
ing; with a word or two of explanation 
concerning the better-known names. The 
three categories discussed are: (1) perfumery 
essences; (2) flavoring essences; (3) phar¬ 
maceutical, industrial, or special-purpose 
essences. ' r r 

Perfumery Essences. 

w , Th * of P erfumer y is as ancient as 

recorded history, and throughout the cen- 

.. •: ' ' # 
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—V..W- uv.v .111 tu ndvc ucren nrst used m 
the mysterious religious ceremonies of the 
pre-Christian world. In burial rites for 
Egyptian pharaohs, and for the embalming 
practiced by many Eastern peoples, essential 
oils found special use. The ancient Chinese 
culture made use of incense in the temples, 
and the Chinese people are known to have 
perfumed their persons and flavored their 
foods with certain essences. Babylonian and 
Jew, Persian and Indian, propitiated the 
gods with offerings of fragrant incense, 
which consisted at least in part of essential 
oils. In the Greek and Roman cultures, 
perfumery, once largely devoted to religious 
ceremony, became a treasure peculiar to 
the wealthy. This was the day of the lavish 
bath, of slave girls comforting guests with 
the scented fan, and of perfumed doves 
fluttering about the ornate banquet hall. 
Europe, the Near East, and the far corners 
of die Orient were searched for essences 

° Sa “ s y ** «*»vagance* of the elite. 
Myrrh from Persia, spikenard from India, 
affron from Spain, sandalwood from China, 
thyme from Algeria, jasmine from Arabia, 
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these were but a few of the essences im¬ 
ported into Rome; and Nero’s triumphal 
entrance into the city was over a road 
strewn with fragrance. 

During the Middle Ages less attention 
was given to perfumery; but the Crusades 
<>l the twelfth century brought back to 
France from the exotic lands to the south 
strange perfumes and the secrets of per¬ 
fumery. 1 o supply the newly developed and 
widespread demand for essence in France, 
the perfume industry was created by royal 
charter, and to this clay the center of the 
perfume industry of the world remains in 
southern France, a reflection of the for¬ 
tuitous course of history. 1 here master 
blenders, as skilled in combining many 
fragrances into an exc|itisite whole as the 
composer in creating a symphony from the 
sounds of many instruments, reign over an 
industry of high importance in the social 

and economic life of the French. Manv 

# 

favorite perfume recipes are highly secret,* 
but a sixteenth century formula given in 
I.es secrets de Maistre Alexys le Piedmon- 
tois calls for the following evil concoction 
to provide a magic lotion, the assured pre¬ 
servative of beauty: "Take a young raven 
from the nest, feed it on hard eggs for forty 
clays, kill it, and distill it with myrtle leaves, 
talc, and almond oil." 

In modern perfumes, pute. unadulterated 
essences are seldom used. Instead, these are 
fortified and extended with synthetic ma¬ 
terials and, in the case of expensive essences, 
with cheaper oils; otherwise the cost of 
perfumes would prohibit their mass market¬ 
ing. Fixatives are almost invariably used. 
Fixatives are oils, usually of animal origin 
(musk, ambergris, civet, castor), but some¬ 
times consisting of fatty oils and balsams 


from plants. They retard volatilization of 
the essences and equalize volatilization of 
various components in the perfume so that 
none predominates at any given instant. 
Many of the final wash waters in distillation 
are utilized for their residual fragrance in 
the making of colognes and lotions. Fats 
remaining after enfleurage may similarly 
retain sufficient fragrance to merit their 
incorporation in pomades and creams. 

France, of course, leads the world in per¬ 
fume production, followed by England, 
India, Turkey, and the United States, 
franee is estimated to manufacture an¬ 
nually more than 500 tons of scented oils, 
from some (i million tons of flowers, includ¬ 
ing 2 to 3 thousand tons of orange, 2 thou¬ 
sand tons of rose, about a thousand tons of 
jasmine, and several hundred tons of violet, 
mimosa, tuberose, and many other kinds of 
flowers. In the perfume laboratories of 
France, it is said, workers never develop 
lung or bronchial disorders, a fact which 
perhaps bears out Pliny and Hippocrates, 
who classified perfumes among the med- 
icinals. 

/ 

Examples of perfume oils. 1. Rose Oil 
(Otto of Roses, Attar of Roses). Rose 
oil is one of the most prized as well as one 
of the most expensive of perfume oils. It 
is obtained from flowers of Rosa damascene, 
of the Rosaceae, and to a lesser extent from 
R. alba and R. centifolia, the latter two 
purportedly yielding a less fragrant oil than 
the first. These roses are small shrubs, 
grown chiefly in the Balkans (Bulgaria in 
particular), and to some extent in southern 
France, Asia Minor, and India. Blooming 
time, and hence the rose oil production 
season, extends from April to July. Extrac- 


• One of the simpler modern formulae listed by Pouchcr for a synthetic acacia perfume. Acacia 
1016,” includes, in parts per thousand: anisic aldehyde, 310; parainethyl acetophenone, 50; bois de rose 
oil, 100; phcnvlacctic aldehyde. f»0; cilronellol. 50; benzyl acetate. 50; rose no. 1090. 15; jasmine no. 1053. 
55; methyl anthranilate. 50; isobutyl benzoate. HO; musk ketone, 20; vanillin, 10; coumarin, 20; hebotropin, 
70; undecalactonc (10 per cent). 10. 
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tion is mainly by distillation (Bulgaria), 
but enfleurage and, more recently, solvent 
extraction are often practiced (France). In 
distillation, the otto floats to the top of 
the distillate and can be siphoned off, in¬ 
asmuch as it is less dense than water and 
immiscible with it. Average yield is said 
to be less than one-half a gram of oil from 
each 1,000 g. of flowers. The principal con¬ 
stituent of rose oil is citronellol (10 to 05 
per cent), with lesser quantities of geraniol, 
nerol, linalol, and other organic compounds 
making up the balance. One seldom finds 
pure rose oil (rose oil absolute) on the mar¬ 
ket, for it is more profitable to stretch the 
supply of this expensive oil with cheaper 
substances such as rhodinoi, geraniol, citro¬ 
nellol, and so on from other sources. In 
the "Valley of Roses" east of Sofia, Bul¬ 
garia, over 200,000 people are employed 
in rose oil production. There the plants 
are grown in the light stony soils, often as 
a hedge about fields. As is typical of roses, 
bloom occurs on second-year wood. Canes 
are rooted and transplants made in the 
autumn or very early spring. Well-cared 
for rose plants may remain productive for 
twenty to thirty years. The flowers are col¬ 
lected, usually by children and older wo¬ 
men, in the late bud stage (at which time 
the fragrance is at its best) and are taken 
immediately to the distilleries. Production 
may be as much as three tons of rose oil 
per season, most of which is exported id 
F rance for use in perfume. 

2. 'Orange Blossom Oil, or Oil of Ne- 
Roll Oil from thejlowers of certain species 
of orange should not be confused with 
Petitgrain" derived from distillation of 
leaves and twigs, or with orange oil derived 
from expression of fruit rinds. O range b los- 
som oil comes mostly from Ci trus a uran. 

hwm, of the Rutaccac, grown in ItafySpain 
and Portugal for the fruit, but in Provence,’ 
France, almost exclusively for the flowers! 
Propagation is by seed and by grafting. 


A mature tree in a good year may produce 
up to 15 kilos of flowers, and the total 
orange flower crop for all of France may 
exceed 2.000 ions. Flowering normally oc¬ 
curs in May. About 80 per cent of the oil 
of neroli is produced by distillation, the 
remainder chiefly bv means of volatile sol- 

* J 

vents. Chemically, orange blossom oil con¬ 
sists largely of linalol and various terpenes 
(dipentene, pinene, and camphene), with 
some geraniol and other organic com¬ 
pounds. The oil serves chiefly as an extender 

# 

and as an ingredient in synthetic perfumes 
and eau de cologne. The oil itself can be 
synthesized cheaply and readily. Synthetic 
orange blossom oil is an important item of 
commerce, and is remarkably similar to the 
natural oil. 

3. Geranium Oil. Geranium oil is one 
of the important "behind-the-scenes" per¬ 
fume oils. It is extracted from the foliage 
of several species of the cultivated "gera¬ 
nium" {Pelargonium, of the Geraniaccae). 
P. graveolens, P. odoratissimum, P. roseum, 
P. capita turn, and P. fragrant are all said 
to be cultivated for perfumery purposes, 
primarily in North Africa and southern 
Europe. Plants are readily propagated by 
cuttings and survive for several years, in 
frost-free climates. Harvest is by hand, (Al¬ 
geria) or by mowing machinery (France) in 
the spring, from April to June, and in the 
autumn, from October to November. The 
newly cut foliage is given a preliminary 
drying prior to steam distillation. Yields ol 
about one gram of oil per 1,000 grams ol 
foliage are reported. The principal con 
stituent of geranium oil is geraniol. which 
hnds its greatest use as an extender or sub- 
st.tute for rose oil and other more expensive 
essences, and as the source of fragrance 
for soaps and similar products. Production 
of geranium oil has been attempted in the 
United States in soudiem Florida, with fair 
success as regards die quality of the product. 
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4. Li mon Grass Oil. Lemon grass oil 
is obtained primarily Irom Cymbopogon 
citratus and C. flexuosus, ol the Gramineae. 
These are perennial tropical species, cul¬ 
tivated from Paraguay to Florida in the 
New World and widely in the Far East. 
Plants are typically propagated by separa¬ 
tion ol the rhizomes, and are hand-planted. 
Once the plantings become well established 
(second year.) three cuttings of foliage are 
possible annually. After a few years the 
planting deteriorates, probably through ex¬ 
haustion of the soil, and new plantings are 
started, preferably in new soil. In cheap 
labor areas harvest is typically by hand, 
with bush knife or machete, but in more 
mechanized centers mowing machinery may 
be used. The freshly cut grass is subjected 
to steam distillation. In backwoods areas 
this may be of a crude sort, in wood-fired 
stills, but in industrialized localities it is 
performed with efficient equipment under 
thorough regulation. As in the distillation 
of turpentine, the oil separates off in the 
distillate as an immiscible layer above the 
water. Lemon grass oil production was 
initiated in the United States (southern 
Florida) in the 1‘ISO's. In order for the in¬ 
dustry to survive in competition with world 
production, it was necessary not only to 
integrate growing and extraction as a part- 
time, seasonal activity utilizing sugar in¬ 
dustry labor, but also to employ the most 
modern and efficient mechanical equip¬ 
ment, to practice proper crop fertilization, 
and to develop by-product uses for the spent 
grass. Even then, this industry had to be 
abandoned with the fall in lemon grass oil 
prices in the later years of World War II. 
Lemon grass oil consists chiefly of citral, 
much used in various flavorings and as a 
source of ionone, the base for synthetic 
“violet" perfume and “verbena” soaps. Re¬ 
cently beta-ionone, derived from lemon 
grass oil, has been the source of commercial 
Vitamin A synthesis. Production amounts 


to about 30 tons annually, from Guatemala 
and Honduras, with lesser amounts from 
elsewhere in the Americas, and in the neigh¬ 
borhood of 300 tons from the East Indies 
and India. In parts of Malaya more 
lemon grass is grown for cookery than as a 
commercial oil plant. Oils similarly ex¬ 
tracted from grasses by distillation include 
citronella, from Cymbopogon nardus; pal- 
marosa or ginger grass, from Cymbopogon 
martini; and vetiver, from Vetiveria ziza- 
ni aides. 

Some other perfume oils. 

Acacia- large tropical genus of the Legumi- 
nosae (discussed under Gums; see also Cassie). 
The acacia perfume of commerce is based upon 
another genus, the fragrant Robinia pseudoaca¬ 
cia, common in the midwestern United States 
and blooming in May. The essence is easily 
synthesized. 

Ambrette— obtained from seed of Hibiscus 
abelmosclius, of the Malvaceae, and used in 
small quantities as an exalting agent in fine 
perfumes. 

Zhn/7-obtained from foliage of Ocimum basili- 
cum, of the Labiatae. The plant is grown 
principally in the Mediterranean area, and the 
oil extracted by distillation. 

Bergamot— obtained from the rind of Citrus 
aurantium bergamia, of the Rutaceae, grown 
almost exclusively in southern Italy. The oil is 
obtained by expression. It is much used in 
colognes and will blend well with synthetics. It 
is also often substituted for petitgrain. 

Bois de rose— see Linaloe. 

Broom or genet-obtained from flowers of the 
shrub Cytissus scoparius, of the Leguminosae, 
cultivated in Provence, France. 

Cfl/awutt— obtained by distillation of the rhi¬ 
zome of Acorus calamus, of the Araceae, har¬ 
vested along the banks of European rivers. The 
oil is reminiscent of patchouli. 

Carnation— formerly obtained from several 
species of Dianthus, of the Caryophyllaceae, 
grown in southern France, but reportedly now 
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easily duplicated by synthesis from the similar 
clove oil. The oil is quite valuable and finds 
use in only the most expensive perfumes. 

Ca ssia or Chinese cinnamon— an essence un¬ 
fortunately termed cassia, for it is not ob¬ 
tained from the genus Cassia, but from distilla¬ 
tion of the bark of the Asiatic Cinnamomum 
cassia, of the Lauraceae. Nor should it be con¬ 
fused with Cassie, obtained from the genus 
Acacia. 

Court-obtained from flowers of Acacia far- 
nesiana, of the Leguminosae , a winter-flowering 
shrub found wild in the New World tropics and 
cultivated in the Mediterranean area. The oil 
has a delightful bouquet, and is much used in 
compounding "violet” odors. 

Cedar-leaf- obtained by distillation of the 
foliage of Thuja occidentalis, of the Cupres- 
saceae. Processing cedar-leaf oil is a minor 
industry in the northeastern United States. The 
oil is used to some extent in perfume blends and 
as a fixative. 

Cilronella- one of the famous grass oils, ob¬ 
tained by distillation from leaves of Cymbopo- 
gon nardus, of the Gramineae. The species is 
grown chiefly in Java, but also to a limited 
extent in the New World tropics and sub¬ 
tropics. The oil is widely used in compounding 
cheap perfumes and for making menthol. Some 
200-300 tons are produced annually in Guate¬ 
mala, Honduras, and Haiti, and many times 
this much in the Old World tropics. The United 
States imported almost 900 tons of this product 
in 1948, more than half from the Far East. 

Cyclamen—an important synthetic perfume, 
seldom obtained by solvent extraction from 
species of Cyclamen, of the Primulaceae. 

Fern-obtained from foliage and rhizomes of 

various ferns ( Pteridophyta ), usually by solvent 
extraction. 


Garden ia—obtained by solvent extraction from 

the flowers of several species of Gardenia, of 

the Rubiaceae. Commercial extraction from 

fresh flowers is chiefly in Reunion, but synthetic 

gardenia is made in a number of perfume 
centers. 

Ginger-obtained by distillation of rhizomes of 
Zingiber officinale, of the Zingiberaceae, culti¬ 


vated in various tropical localities. Traces of 
the oil are used in "oriental” perfumes. 

Heliotrope—a common type of synthetic per¬ 
fume, seldom obtained by actual extraction 
from flowers of Heliotropum peruvianum, of 
the Boraginaceae. 

y Hyacinth— based upon solvent extraction of 
flowers of Hyacinthus orientalis, of the Liliaceae, 
but synthetically compounded according to 
several formulae. 

\S]asmine—an important perfume oil obtained 
by solvent extraction or enfleurage of flowers 
of Jasminum grandiflorum, of the Oleaceae. The 
species is native to southern Asia, but is much 
cultivated in southern France, where flower 
harvest may reach a thousand tons in a season 
(July to October). "Jasmines" very similar in 
fragrance to the natural have been synthesized, 
based chiefly upon benzyl acetate. 

FoMnnum—obtained from the resinous leaves 
of several species of Cistus, of the Cistaceae, 
usually by solvent extraction. The "oil," much 

employed as a perfume fixator, is actually an 
oleoresin. 


• Fauender—important oil obtained by distilla- 

tion of flowers of the perennial Lavandula 
officinalis ( L . vera), of the Labiatae, native to 
the southern Alps. Flowering is typically in 
August, and flower yield (mostly from wild 
sources in southern Europe) may amount to 
four thousand tons in a season. Lavender oil 
is seldom used alone, but serves in many blends. 
Another species of Lavandula, L. latifolia, yields 
the spike-lavender oil. 

vAemon-obtained by expression of the peel of 
Citrus Union, of the Rutaceae. Principal seat of 
the industry is in the Mediterranean area, with 
run collection during the winter months. Chief 
constituent of lemon oil is citral. The oil blends 
well with other essences to give "verbena" per- 
tume, and is much used in snaps and as a sub- 

siuute for bergamot. More than 500 tons are 
produced annually. 

Lilac-lilac perfumes are mixtures of syn¬ 
theses not commercially extracted from the 
lilac, Syringa vulgaris, of the Oleaceae. 

^ 7 'r 0bta ! ned by distillation heart- 
wood of several members of the New World 
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Burseraceae. The oil consists largely of linalol. 
an important constituent of main essences. 
Sometimes termed linaloe. but more commonly 
bois de rose, is the essence distilled from Ocolea 
can data, of the Lauraceae. from South America, 
a source material in compounding several syn¬ 
thetic perfumes. 

Si a rjo ra m —obt a i tied In distillation of the foli¬ 
age of Origanum majorana. of the l.abialar. the 
"sweet marjoram" grown in many parts of the 
world, often lor a flavoring as well as for a 
source of perfume oil. 

Mignonette —obtained by solvent extraction 
of the flowers of Reseda odorata, of the Reseda- 
ceae. native to the Mediterranean area. 

Mimosa—not obtained from the genus Mi¬ 
mosa, but from species of Acacia (which see). 

.Vdicmt/j-obtained from the flowers of Nar¬ 
cissus jonquilla, X. poetints, and other species 

of the Amaryllidaceae, by solvent extraction or 

» / 

enfleurage. Commercial growing is chiefly in 
southern France. 

OflAwioss-obtained by a solvent extraction 
from the lichen genus Evernia, of the Parmeli- 
aceae, collected mostly in the Alps. It is much 
used in compounding face powders and is 
blended in fine perfumes. 

Orange-expressed from t he rind of the sour 
orange. Citrus aurantium, of the Rutaceae, cul¬ 
tivated in the Mediterranean area. Africa, the 
West Indies, and California. Principal constitu¬ 
ent is limonene, an extender for oil of neroli 
and much used in colognes and as^flavoring. 

Orris —obtained from the rhizome of several 
species of Iris, including /. germanica, cul¬ 
tivated particularly in the Mediterranean area. 
Rhizomes are dug in summer, peeled by hand, 
and dried. Pulverized, these - may be incor¬ 
porated in "violet” and other perfumes. 

Palmarosa-o ne of the grass oils, from Cym- 
bopogon martini, much used in blending be¬ 
cause of its cheapness. See discussion of lemon 
grass. 

Patchouli -obtained by distillation or occa¬ 
sionally solvent extraction of the leaves of 
Pogostemon patchouli, of the I.abialae, cul¬ 
tivated in the tropics of the Far East. Patchouli 


is said to be one of the finest fixatives for 
"hea\ y" perfumes. 

/Vfi/gram—obtained be distillation from foli¬ 
age of Citrus aurantium amara, of the Rutaceae, 
grown chiefly in the Mediterranean area and 
in Paraguay. I he oil finds much use in soaps, 
cologne, and lor blending with other essences. 

'OW/miry—obtained In distillation of the in¬ 
florescence of Rosemarinus officinalis, of the 
l.abialar, grown in the Mediterranean area. It 
finds greatest use in cheap perfumes, hair washes, 
and soaps. 

A # o„-oblaincd from distillation of the 
dried stigmas of Crocus salivus, of the hidaceae, 
grown in the Mediterranean area and the Asiatic 
tropics. Saffron oil is perhaps the most expensive 
of the essences, and only traces are used to give a 
characteristic bouquet of the "oriental" type. 

Sage—obtained from foliage of Salvia offici¬ 
nalis. of the l.abialar, and used as an adulterant 
for rosemary and spike. 

Stindfl/wood—obtained from distillation of 
heartwood and roots of Santalum album, of the 
Santalaceae, indigenous to India. The oil is 
used as a medicinal and in various perfume 
blends. Production is in the neighborhood of 
700 tons annually. 

Spike—see Lavender 

Spikenard—obtained by distillation of the 
root of Xardostachys fatarnansi , of the Valeria- 
naceae. native to the Himalayan area. Oil from 
Valeriana officinalis is sometimes substituted for 
the true spikenard. 

Sweet Pea—n ame for the synthetic essence: 
the natural sweet pea oil. coming from enfleur- 
age of Lathyrus odoratus, of the Legurninosae, 
is not an item of commerce. 

Thyme —obtained by distillation from foli¬ 
age of various species of Thymus, of the La - 
biatae . grown particularly in Spain and France, 
and used in soap perfumery, mouth washes 
and dentifrices, and as an anthelmintic. Thymol 
is today largely synthesized in the United States, 
from coal tar or eucalyptus oil. 

Tuberose-obtained by enfleurage or solvent 
extraction from flowers of Polianthes tuberosa, 
of the Amaryllidaceae. The flowers are grown 


ESSENTIAL OILS 


257 


particularly in southern Europe and*are gen¬ 
erally harvested from August to October. 

Valeria n—ohtailied from distillation of rhi¬ 
zomes and roots of Valeriana officinalis, of the 
Valerianaceae. cultivated in Europe and Asia. 
Sec Spikenard. 

Ecri/ena-obtaincd from distillation of leaves 
of Verbena triphylla, of the Verbenaceae, cul¬ 
tivated in southern France and Algeria. It is 
used for blending with citrus oils, orris, rose, 
heliotrope. 

Veliverl- a grass oil obtained by distillation of 
the roots of Veliveria zizanioides, useful as a 
fixfcr of violet odors. See Lemon grass oil. 

E/o/ef-obtained by solvent extraction from 
flowers of Viola odorala , of the Violaceae. grown 
particularly in southern France. lonone (which 
may be readily obtained from citral. from a 
variety of sources) is the chief constituent, and 
the base for synthetic violet essence. 

F/ong.y/flng-obtained by distillation of flow¬ 
ers of Canangium odoratum, of the Annonaceae, 
cultivated particularly in the Far Eastern trop¬ 
ics. The tree blossoms throughout the year, 
but the best flowers are generally picked in 
May and June. The oil is much used in ex¬ 
pensive perfumery, and is blended particularly 
in “oriental" odors. 

Spices and Flavoring Oils. 

Since most spices owe their valued prop¬ 
erties to essential oils, this topic involves 
not only the romance of perfumery, but 
also a vigorous and intriguing story of ex¬ 
otic Eastern islands and swashbuckling buc¬ 
caneers. The magic of spice-trade riches and 
dark, distant places lured adventurers of 
the Western world to the jungles of Indian 
Ocean islands; and for centuries imperial¬ 
istic governments squabbled for possession 
of a subcontinent and corner of the globe 
where nature had willed that most of the 
world's spices were to grow. First Arabia, 
then Venice, and, by the 1500's, Portugal 
came to dominate the spice trade. Tiny 
Portugal brought to knee Ceylon, Malacca 
and the splendid cities of the Malabar 


coast, and carved for herself a distant em¬ 
pire southeast of the China Sea, a half year’s 
voyage from the homeland. With conquered 
slaves to produce the cinnamon of Cey¬ 
lon and Malay, the cloves of the Moluccas, 
the nutmeg, pepper, and opium of Java, the 
Portuguese East India Company poured 
such'wealth into Lisbon as that venerable 
city had never known. The ancient "spices 
of Araby”—flavors, preservatives of meat, 
and luxuries of the rich-had never seen 
such widespread demand in Europe in the 
days of Arabian caravan trade, or while 
Venice ruled the Mediterranean. And never 
was a monopoly more skillfully maintained 
than during Portugal’s brief interval of 
world hegemony and domination of the 
spice trade. But such factors as the union 
of Portugal with Spain, whose attention 
was directed to looting the New World, not 
the Old, attacks on the spice fleet by the 
English and the Dutch, and haughty cruelty 
to native populations by a graft-ridden rul¬ 
ing group brought about the decline of the 
fantastic Portuguese empire. 

Destiny then dictated that by the close 
of the sixteenth century the Dutch would 
ri, le the Malabar coast, and that one by 
one the great Eastern strongholds of a 
decaying Portuguese empire would fall to 
privateers from Holland. Dutch imperial¬ 
ism and Dutch cruelty waxed in the East 

or the Dutch were even more efficient 

t7 m “ SlaVerS ,ha " tlle Portuguese. 
The hfidas-touch of the spice monopoly 

poured wealth into Holland, and bestowed 

an unparalleled cultural bounty of painters 

and poets, musicians and scholars, upon an 

ascetic kingdom that had until then ™ 

known wealth and idleness! for where poe, 

■ke peasant, has to scurry for a living,V 

tural output is usually lean The r-, 

of the Orient sa, weU 

European empire in the East o ? 1 
centuries later the busing and T 

determined Hollanders T^d^ 
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heavy interest Ironi that investment in trop¬ 
ical daring first made in the seventeenth 
century. But though the glories o( an East 
Indian empire have been more enduring 
lor the Dutch than for the Portuguese, 
Dutch affluence was challenged and many 
Dutch possessions conquered by a mighty 
Britain. But when a more gradual but also 
more enlightened British domination took 
over the East Indies, the importance of the 
spice trade was diminishing. Spices of all 
kinds had been smuggled away and planted 
the world around. No longer was there a 
scarcity or a monopoly. Ceylon's cinnamon 
groves were still important, and the grow¬ 
ing of spices was still practiced in the East 
Indian islands (returned to Holland bv 
Britain in accordance with a treaty of 1815), 
but their commercial importance has since 
been slight in comparison to that of the 
twentieth century empires in rubber, qui¬ 
nine, and tropical staples. 

Many essential oil flavors, such as vanilla 
and oil of lemon, are extracted by the meth¬ 
ods discussed under perfumery. These are 
usually utilized as liquids or in solution. 
On the other hand, most spices consist of 
the plant parts themselves, from which the 
essential oil has not been extracted. These 
are ordinarily prepared by drying and 
grinding. Grinding on a commercial scale 
is done to a precise degree of fineness and 
with minimum loss from shrinkage by ef¬ 
ficiently designed machines of a number of 
types (hammer mills, attrition mills, roller 
mills, limited mills, pulverizers). Packaging 
must be done properly to assure keeping 
qualities, for evaporation of the volatile 
essential oils would result in rapid deteriora¬ 
tion. Most flavoring materials fall under the 
jurisdiction of Federal Pure Food Laws, so 
that today the adulteration practiced in 
the past is exceedingly rare. Indeed the 
whole spice industry, although it stems 
from a wild and romantic past, is today 
a sober and business-like enterprise. 


Examples of flavor oils. 1 . Cinnamon. 
Cinnamon, an ancient spice used by Orien¬ 
tal natives long before the coming of the 
Europeans, is produced from the bark of 
Cinnamomum zeylatiicum, of the Laura- 
(ear, indigenous to Ceylon and India. It 
has been suggested, however, that the cin¬ 
namon of Biblical narrative may have been 
the bark ol Cassia (C. cassia). The cinnamon 
tree is small and bushy, with thick, shiny, 
simple leaves and inconspicuous flowers. 
In plantation practice the trees are usually 
cut back, and the sucker shoots or water 
sprouts utilized for the bark. The bark con¬ 
tains up to 1 per cent of a volatile oil which 
is 55 to 75 per cent cinnamic aldehyde. 
Cinnamic aldehvde can also be derived from 

Cassia bark and can be svnthesized. 

/ 

Just after the monsoons the bark is strip¬ 
ped (from May to August), preferably from 
second-year wood as a new flush of twigs 
develops. At this time the abundant sap 
in the twigs permits easy peeling. Twigs 
selected for bark are usually cut and trim¬ 
med, then removed to the peeling shed, 
where hand peeling with a specially de¬ 
signed knife is practiced. All trimmings are 
kept, for they have salvage value as chips. 
One to three cuttings per season from a 
given tree are typically made. The first- 
grade product consists of hollow tubes 
lormed of sections of the inner bark, thor¬ 
oughly dried, scraped free of epidermis, 
and fitted together into tube-like "pipes.” 
These are the quills of commerce, the most 
aromatic and valuable type of cinnamon. 
They may, of course, be ground to yield 
powdered cinnamon. 

Cinnamon-growing today is largely on 
native-owned plantations, in contrast to the 
former conditions of widespread European 
ownership and management, or, before that, 
of forced tribute of bark from wild trees 
from Singhalese princes. Propagation is 
either by seed or by cutting. Plantlets are 
started in nursery beds and later spaced 
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‘•u! in convenient la>hion. preferablv in 
I»»i*»U' Mill'. I wo or three seedling' are 
v.metime' plumed in .1 'ingle hole to give 
a "btivliine" to the plantation. Cinnamon- 
ginwing upjx-ai' to a defining indu'trv. 
''ith protlimion t«n!a\ .otning chietlv from 
yintliern ft'Ion thee i< a 'light amount 
Itom India. Malava. and tropical America•. 
I p to yvetal thousand ton' of quills and 
<hi|.' ate ship|x-d from Cevlon annuallv. 
C innamon i' mot used in the hakerv trade 
and as home flavoring, hut find' some use 
as a tnetlicinal tin the form of oil. distilled 
from chips . 

( 1 Clove' are another exotic 
'pice, "hose production was once confined 
bv monopolv-minded Dutch to a single 
island of the Moluccas «spice Islands! capa¬ 
ble of close supervision, the clove tree hav¬ 
ing been eliminated from all other East 
Indian territon. I he dove of commerce 
is the dried, highlv aromatic, unopened 
flower bud and twig tip of Eugfnia con-1 
ophyllata. of the Mwtacrae. Cloves were 
utilized in China before the time of Christ 
to perfume the breath of court officials be¬ 
fore they addressed the sovereign. Todav 
production comes chiefly from Zanzibar and 
Madagascar (though there is some produc¬ 
tion in the Malay area and Africa), and 

amounts to as much as ten thousand tons 
annuallv. 

Clove trees are rather small, attaining 
maximum heights of 10 to 50 fu. and have 
small, simple, opposite, punctuate leaves 
and inconspicuous flowers. They are said 
to flourish best in clay soils, and are usually 
propagated from seeds in beds given a pro¬ 
tective shading. An individual tree may 
Meld up to 75 lbs. of dry cloves. It begins 
*-0 flower in the fourth to sixth year. Har 
^et is in late summer and again in winter. 
The crop of immature buds is picked by 
hand as they redden, by men and women 
tvho chmb to the tree tops. .After picking, 
the buds or doves are sun-dried. The dried 



Sotline cloves. Gcurten Chicago Natural Histon 

M u*cum.» 

product is marketed as the familiar spice, 
or the oil mav be extracted bv distillation. 
In Java cloves are mixed with tobacco, 
for smoking purposes. Clove oil consists 
largely (80 I0 95 per cent) of eugenol: this 
substance has been much used of late in 
the synthesis of vanillin. In addition to its 
use as a flavor, the oil is also widely em- 
ploved in disinfectants, tooth pastes, and 
mouth washes. In perfumery it serves as a 
sweetener and intensifies blending well 
with various essences. Clove oil is also used 
as a clearing agent in histological technique. 

3. Dill- Dill may sene as an example of 
the minor essential oils, several of which 
are obtained from the aromatic seeds of 
members of the VmbellileToc. Dill, a her¬ 
baceous annual widely used for flavoring 
pickles and kraut, is obtained from Ant- 
thum iP'uccdanum) graveolens of that 
fam.K. Dill oil is produced bv distillation 

°f leaf ’ s,em - and The species is na¬ 
me to Europe, and is cultivated particularly 
there and , n .Asia. In the United States 
production u chiefly from Ohio. Indiana, 
Michigan, Oregon, and Idaho, and amounts 
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Dill. A drawing from the Lobcl Herbal. 1581. 
(Courtesy Chicago Natural Histon Museum.) 


to only a lew hundred acres of plants per 
year. In the early spring dill is drilled in 
rows much as beans or beets are. and is 
ready for harvest in about a hundred days. 
Harvest is usually with a grain binder, as 
the earliest seed ripens. Cut plants are left 
to “cure” in the fields for a day or two, and 
are then distilled in a mint still. Dill seed 
from mature plants is a standard market 
item. It is much used for flavoring soups, 
salads, sauces, meats, and the like, as well 
as pickles. It often serves as a substitute 
for caraway seed. Principal constituent of 
dill oil is carvone, also the chief constitu¬ 
ent of caraway. 



. Hop vines growing on trellises in hop vineyard in 
California. (Courtesy E. Clemens Horst Co.) 


•I. ^Hofs. Hops, the dried female inflo¬ 
rescence of Humulus lupulus, of the Mora- 
ceae, contains a complex, bitter, essential oil 
in which fourteen or more constituents 
have been identified, including lupulin. 
The oil may be extracted by distillation, 
but most frequently the hops are used di¬ 
rectly, lor flavoring, clarifying, and giving 
"sparkle” to beer. Hop oil finds some use in 
mineral waters and occasionally in tobacco 
flavors. 

Hops are grown in Europe, California, 
and many other parts of the world. The 
plant is a herbaceous climber with peren¬ 
nial roots. It is dioecious, and has rough, 
angular stems and deeply lobed leaves. The 
female flowers are produced in catkin-like 
clusters covered with a glandular indumen¬ 
tum. The hop plant has been cultivated 
for many centuries, and is frequently an 
escape plant. In cultivation it is usually 
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trained over arbors or poles, with harvest of 
the catkins in early autumn. These are care¬ 
fully kiln-dried, and afterwards often 
treated with sulfur. A few thousand tons of 
crude hops are imported annually into the 
United States. World consumption is several 
times this amount. 

5. Pep permint . Peppermint oil is ob¬ 
tained by distillation from the upper por¬ 
tions of two or more species of Mentha, of 
the Labialae, particularly M. piperata and 
its varieties, native to Europe and escaped 
in the United States. 1 hese mints are cul¬ 
tivated in many parts of the world, includ¬ 
ing Japan, the United States, England, and 
continental Europe. In the United States 



Mechanical harvesting of hops in California. (Cour- 
tesy E. Clemens Horst Co) 


production is chiefly from a small area in 
northern Indiana and southern Michigan, 
where most of the peppermint flavor used 
for chewing gum is produced, and from 
which area much additional peppermint oil 
is exported. Peppermint oil consists largely 
of menthol, a compound used in antiseptics, 
“cool" lotions, nasal preparations, and the 
like. The oil is widely used in many sorts 
of delicacies, dentifrices, medicinals, and 
toilet waters. Dried, pulverized leaves often 
find culinary favor and kitchen use as well. 

Peppermint plants are small, perennial 
herbs with opposite, toothed leaves and 
small but attractive flowers. They are prop¬ 
agated by rhizome separation in spring, 
usually being dropped by hand into depres¬ 
sions opened by a mechanical furrow-opener 
and covered by dragging soil over them with 
the feet. Mint plants grow best in rich soils 
«n moist locations. Best oil yield is said to 
occur the second year, and plants continue 
to thrive for several years. Harvest is in 
early autumn, and the cut tops (including 
he inflorescence) are partially field-dried 
before going to the distillery. Yields are 
reported to be about 30 lbs. of oil to the 
acre. Production in the United States 
amounts at most to a few hundred tons an¬ 
nually, and world production to several 


hundred tons. Distilling apparatus is of 
modern design in America and Europe, but 
crude in Japan. 

Some other flavor oils. 

Allspice -known also as Pimento, Jamaica 
Pimento, and Jamaica Pepper. The spice is the 
dried fruit of Pimenta officinalis, of the Myrta- 
ceae, a small tree native to the American trop¬ 
ics. The small berries arc marketed either whole 
or pulverized. Annual production is a few thou¬ 
sand tons, mostly from Jamaica. The spice finds 
use chiefly as a food flavor, eugenol being the 
principal oil component. 

Almond -oil of almond is obtained by ex¬ 
pression or distillation from seeds of the almond 
tree, Prunus amygdalus amara, of the Rosaceae 
native to Persia and cultivated today in the 
Mediterranean area and the southern United 
Mates. It is used as a food flavor. 

jH'lica -angelica oil i s distilled from r0 „,s 

r seeds of die brennial Angelic are!,angelica 
(Archangels o£ ^ 

'" 7 ?°“ to northern Europe and AdTh i, 
ed confect,ons, preparation of liqueur, 

perfumery, and medicinals. Young stems and 

r: 7 t- inVup s , 0 t 

used as decoration and flavoring on candy 

°7ed“r°" ly 7'™' an 8^* ca is little ml. 
ated toda y ou,s,de of Germany. 
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Caraway, Carum carvi , the seeds of which are the 
source of caraway flavoring. (Courtesy Economic 
Botany) 


Anise —an early-known aromatic, the fruit 

# 

(seed) from Pimpinella anisum, of the Umbel- 
liferae, a herbaceous plant native to the Medi¬ 
terranean area, and cultivated today in many 
parts of the world. It is used as a food flavoring. 
The oil, consisting chiefly of anethol, is ob¬ 
tained by distillation of the fruits, and finds 
use in medicinals, dentifrices, perfumery, and 
beverages. 

Balm —also known as Melissa. The oil is ob¬ 
tained by distillation of leaves and tops of 
Melissa officinalis, a perennial herb of the La- 
biatae, native to the Mediterranean area and 
cultivated there and in the United States. The 
leaves find use in food flavoring; the oil, par¬ 
ticularly, in beverages. 

Capers —the unexpanded flower buds of Cap- 
paris spinosa, of the Capparidaceae, a low, trail¬ 
ing shrub growing in the Mediterranean area. 
Capers are principally used for flavoring pickles, 
relishes, and sauces. 

Cardamon —the highly aromatic dried fruit 
and seed of Elettaria cardamomum, of the Zin- 


giberaceae, native to India and cultivated there, 
in Ceylon, and in Central America. Cardamon 
is an ingredient of curry powder, and a season¬ 
ing in many types of sausage. It also finds use 
in incenses, perfumes, masticatories, and medi¬ 
cinals. Cardamon plants arc tall, coarse, large- 
leaved perennial herbs typical of the ginger 
family, and are often planted between tea or 
rubber on Indian plantations. Fruit is har¬ 
vested in autumn. 

Crtifluifl)’—another seed spice of the Umbelli- 
ferae, from the biennial Carum carvi, native 
to Europe and cultivated there and in North 
America. It is used as a bread, biscuit, cake, and 
sausage flavor, and in Europe for cheese, kraut, 
and kiimmel (potent alcoholic cordial). Carvone 
is the principal constituent of the oil, a ketone 
also found abundantly in dill and spearmint. 

Cassia —another essential oil with an unfor¬ 
tunate popular name, since it is not of the 
genus Cassia but rather from the bark of Cin- 
namomum cassia, of the Lauraceae, native 
to southeastern Asia. Other species of Cinna- 
momum, the cinnamon genus, yield Saigon 
cassia and Batavia cassia. Oils from all types 
consist largely of cinnamic aldehyde; and the 
pulverized bark finds wide use in bakery con¬ 
fectionery, and other food industries. The 
distilled oil finds limited use in perfumery. 
The growing and marketing are similar to those 
of cinnamon. Cassia ranks high among flavoring 
materials imported into the United States, 
about five thousand tons being brought in 
annually. 

Ce/ery-celery spice is the seed of the biennial 
Apium graveolens, of the Umbelliferae, native 
to Europe and cultivated there and in the 
United States. The seed is available whole or 
ground, as a kitchen flavor for soups, sauces, 
and the like, and for compounding with salt to 
produce celery salt. 

Coriander —spice obtained from whole or pul¬ 
verized seeds of Coriandrurn sativum, of the 
Umbelliferae, native to Europe; similar in cul¬ 
ture and use to caraway. 

' Coumarin —also known as Tonka Bean. An 
easily and today almost universally synthesized 
essence, once obtained from species of tropical 


ESSENTIAL OILS 


263 



Fennel. (Courtesy Chicago Natural History Museum.) 

American Dipleryx, of the Legurninosae, and 
also obtained for perfumery from Liatris odora- 
tissima, of the Compositae, of southern North 
America. It has served as a tobacco flavor and, 
reputedly, as a substitute for vanilla. 

Cumin—another seed spice of the Umbelli- 

ferae, from Cuminum cyminum, native to the 

Mediterranean area, and used much as are the 

similar seeds of caraway, dill, celery, and corian¬ 
der. 

Mcalyptus-oil obtained by distillation of 
foliage of several species of Eucalyptus, of the 
Myrlaceae, native to Australia and today cul¬ 
tivated in many parts of the world. Used as a 
flavoring, for dentifrices, as a medicinal, and 
for synthesis to merh hol or~other essen ces? 

Fennel -a seed spice from Foeniculum vulgare, 
of the Umbelliferae, native to Europe and serv¬ 
ing culinary use similar to that of coriander. 

Fenugreek -the seed of Trigonella foenum - 
graecum, of the Leguminosae, native to south¬ 
ern Europe and cultivated both in the Old 
and the New Worlds. It is used for imitation 
maple extract, certain pickle and chutney spices, 


Whole plants of ginger. Zingiber officinarum. (Cour¬ 
tesy Chicago Natural History Museum.) 

in cattle feeds, and as a medicinal. The oil is 
extracted by distillation. , , 

Garlic—i favorite flavor for meats and sauces, 
obtamed from fresh or dried and pulverized 
bulbs of Album sativum, of the Liliaceae. Sim- 
• ar to onion, A. cc P a, and other species of 
Allium (leek, chives, shallots). , , 

Ginger—spice and essential oil from the rhi- 

zome of the large, coarse, perennial herb Zin - 

g«6er officinale, of the Zingiberaceae, native 

to tropical Asia and cultivated throughout most 

of die world tropics. As a ground spice, it is 

used to give flavor and pungency to numerous 

food products, and as a distilled oil finds use 
in perfumery. 

Crap'ln,*^ obtained by ^ 

fresh rinds of dims p a , a disi of the Rulncn, 
Brown principal,, in Florida and Texas. The oil 

navo? y and fmds use “ » 
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A branch of the nutmeg tree. Myrislica fragratu, 
with male flowers, mature fruit, and seed with aril. 
(Courtesy Paul H. Allen.) 


Horseradish —this condiment is obtained by 
grating the fleshly root of R or ip pa armoracia, 
of the Cruciferae, native to southern Europe 
and much grown in both Europe and North 
America. Its pungent taste is due largely to the 
glucoside sinigrin. 

Lime —obtained and used as is grapefruit oil, 
by expression or distillation of the rind of 
Citrus mcdica, of the Rutaceae. 

Mace -a product of the nutmeg tree, Myris¬ 
lica fragrans, of the Myristicaceae, made from 
the aril surrounding the nutmeg kernel. It is 
produced principally in southeastern Asia, and 
serves as an ingredient of a number of common 
sauces and bakery or kitchen flavors. 

Mint, Japanese —this mint, Mentha anrensis 
piperascens, of the Labiatac , has already been 
considered (as grown in Japan) under the dis¬ 
cussion of peppermint. It is the usual com¬ 
mercial source of menthol, the distilled oil be¬ 
ing up to 80 per cent menthol. The menthol 
is extracted by crystallization under refrigera¬ 
tion. Japanese mint has been cultivated in 
Brazil and our Pacific states, as well as in Japan. 

Mustard —spice obtained from the seeds of 
llrassica alba (yellow mustard), H. nigra (black 
mustard), and often other species of the Cruci- 
ferae, native to Europe and western Asia and 
cultivated in many parts of the world. Principal 
constituent ol mustard is a thiocyanate, but 
traces of essential oil are also present. Mustard 


serves chiefly as a condiment, but an expressed 
oil is used in medicine and in soap making. 
I familiar mustard of “hot dog“ stands is 
prepared from ground mustard, salt, vinegar, 
and certain other aromatics. Mustard imports 
to the United States amount to a few thousand 
tons annually. 

A'M/m eg—derived from the seed of Myrislica 
fragrans, of the Myristicaceae, native to the 
Moluccas (East Indies), but cultivated today 
mostly in Grenada (British West Indies). The 
pulverized seed finds much culinary use for 
spiced fruits, sausages, pastries, puddings, egg 
nog, and the like. Mace is obtained from the 
aril surrounding the nutmeg seed. A distilled 
or expressed oil is used in dentifrices, tobacco 
flavors, and “spicy” perfumes. The United 
States imports some two thousand tons an¬ 
nually. 

Orange —oil of orange is obtained from centri¬ 
fuging orange juice that has been expressed, or 
by expression or solvent extraction from the 
rinds after juicing on burrs. All citrus oils 
(lemon, grapefruit, lime, tangerine) may lie 
similarly obtained, and serve as flavors and in 
soap-making. The orange is Citrus sinensis, of 
the Rutaceae, native to Asia but cultivated 
today in all warmer portions of the globe. 

Origanum -a spice obtained by drying and 
grinding the leaves of a few (?) species of the 
Labiatae, principally Origanum ( Majorana) vul- 
gare (?). Sweet marjoram (discussed under per¬ 
fumery essences) may sometimes be used. The 
spice is especially esteemed in Mexico for flavor¬ 
ing many common dishes. 

Parsley -a plant of the Umbelliferae, Petro- 
selinum (Af)ium) sativum, of which, however, 
the vegetative parts rather than the seeds, serve 
as a condiment. The species is native to the 
Mediterranean area, but is widely cultivated in 
the United States, particularly in Louisiana. 

Pel>l>er, true -comes from fruits of the peren¬ 
nial climbing shrub, Piper nigrum, of the Pi- 
peraceae, native to the East Indies and much 
cultivated in the Oriental tropics. Black pepper 
is made by grinding the entire “peppercorn, 
whereas white pepper is made from fruits 
from which the dark outer hull has been re¬ 
moved. Pepper is of almost universal use as 
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a culinan seasoning, and is the most important 
spice imported into the I’nited States (some 
fifteen thousand tons annuallyi 

Pepper. capsicum— casenne pepper, red pep¬ 
per. paprika. Tabasco, and chili powder are 
all derived from the fruits of species of Cap¬ 
sicum i(.. frutesiens and perhaps othersi. of 
the Soluriiio-iSr". nati\e to the American tropics 
and subtropics, and cultivated todav in many 
parts of die world. The seasoning principle of 
capsicum pepper i- not an essential oil. al¬ 
though this npe of pepper is thought of more 
as a spice than as a food. 

Poppv—poppy seed, frequent in bakery goods, 
is derived from the opium poppv. Papazcr 
somniftrum. of the Papaveraceae, indigenous to 
Asia and cultivated in many parts of the world. 
It is another "spice" by association, the oil 
being fixed, not essential. 


Sage-obtained from foliage of Sali-ia offici¬ 
nalis. of the Labiatae, native to Europe and 
cultivated there and in North America. This is 
probably the most important culinan herb, 
finding use both for kitchen flavoring and in 
the meat packing industry. Production in the 
United States is estimated at about fiftv tons 
annually, with imports of several hundred tons 
supplementing this output. 


Sarsaparilla —3 flavor, formerly much used in 
beverages and medicinals. obtained from roots 
of wild species of Smilax, of the Liliaceae, na¬ 
tive to the American tropics and subtropics. 

Sassafras— Amot widely used in carbonated 
beverages and dentifrices, obtained by distiUa- 
uon of bark and chipped wood of' Sassafras 
albidum. of the Lauraceae, native to the east 
central United States. Almost five hundred tons 
are marketed annually. 


Savory- seasoning obtained from foliage 
Saturn hortensis, of the Lab,ata e , native 

southern Europe and cultivated there and 
toe United States. 

Sesame-seed of the annual, herbaceous S 

mum indteum, of the Pedaliaceae, indigen 

to -Asia and cultivated there. Sesame is u 

“ « poppy seed, and like the latter has a fc 
but not essential oiL 


Spearmint—spearmint oil is distilled from the 



Black pepper shrub bearing fruits from which 
pepper is made. (Court esv Chicago Natural Histor\ 
Museum.^ 


fresh, flowering, upper portions of the herba¬ 
ceous Mentha spicata and M. cardiaca. of the 
Labiatae. native to temperate Europe and Asia 
and cultivated principally in Michigan and 
Indiana. The essential oil is chieflv carvone 
and is much used as a chewing gum. denti¬ 
frice, and food flavor. The plant resembles and 
■s grown and handled like peppermint. Canone 
is today being synthesized from waste orange 
and grapefruit peels, to be used as an extender 
and substitute for spearmint. 

Star atme—this spice is obtained from the ag¬ 
gregate of follicles (fruit) of llliaum verum. of 
the MagnoUaceae, a small tree native to south¬ 
eastern Asia and cultivated in China. It is used 
by confectioners and in cough drops. 

Tarragon- tarragon spice consists of the dried 

leaves and flowenng tops of Artemisia dracun - 

cuius of the Compositae, used particular^ in 

pickling mixtures. The oil has minor value in 
perfumers. ’ 


usetut as a vellow d 

from !T l ki,Ch ' n » - obtain 

the rtnzomes of Curcuma o[ t 

fi/ ™""' Mtive “ southeastern One 
and cultivated in India a „ d chtna. The wash 

rhizomes are dried and then pulverized. 

™<Ha. known X< 
" orld civilizations in pre-Columbus times, w 
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The vanilla orchid bearing young pods. (Courtesy 
Chicago Natural History Museum.) 


obtained from the fermented (cured) pod of 
climbing orchids (genus Vanilla) indigenous to 
tropical America, introduced into Madagascar 
and elsewhere. In order to assure the set of 
fruit, natives are hired to pollinate the flowers 
by hand. The plant is propagated by cuttings. 
Vanilla pods or beans have no aroma when 
picked; the aroma develops during curing. 
Curing usually involves a twenty-four hour 
period of “sweating” in insulated barrels, about 
a week’s day-time exposure to the sun, and a 
final drying in the shade for several weeks. 
The essence developed is largely vanillin (3- 
methoxy-4-hydroxy-benzaldehyde); this has been 
so successfully synthesized from cheaper sources 
(such as eugenol, coal tar, sulfite pulp wastes) 
that little natural vanilla extract is produced 
today. Vanilla is usually marketed as the tinc¬ 
ture (alcoholic extract). It finds use as a food 
and tobacco flavor and in perfumery. 

Wintergreen or Gaullheria— natural winter- 
green can be distilled from foliage of Gaul- 
theria procumbens, of the Ericaceae, or from 
bark of the sweet birch, Be tula lent a, of the 


Betulaceae, both found in eastern North Amer¬ 
ica. The essence, largely methyl salicylate, is 
readily synthesized. It finds use in beverages, 
confections, and medicinals. 

Zedoary- a spice consisting of the dried, pul¬ 
verized rhizome of Curcuma zedoaria, of the 
Zingiberaceae, native to and principally cul¬ 
tivated in India. It finds use in the manufacture 
of liqueurs, bitters, and medicinals. 

Essential Oils as Medicinals 

and in Industry. 

Although the chief uses of essential oils 
are for perfumery and flavoring, these by 
no means exhaust the ways in which essences 
serve man. A few- additional uses, in med¬ 
icinals and as an industrial raw material, 
are listed here. 

Relatively few drugs consist of essential 
oils, but the story of these few rivals in 
glamour those of perfumery and the spice 
trade. At first regarded with awe and super¬ 
stition and gaining an undeserved repute, 
they later came, in an age of skepticism, to 
be abandoned for newer drugs of the mo¬ 
ment. But in passing along the traditions 
of a remedy, our ancestors relied upon ex¬ 
perience and fact as well as upon fancy. 
Medical science, taught to scoff at the reme¬ 
dies of the ancients, sometimes finds traces 
of powerful and often unknown components 
in the drugs of a past era-components that 
seem to exert a strange influence upon the 
mammalian body, much as do certain “or¬ 
ganic catalysts” like the vitamins. Perhaps, 
given time, man will decipher and utilize 
the secrets of little-known drugs as he has 
those of antibiotics. In the realm of known 
fact we find volatile oils that are more or 
less powerful external and internal anti¬ 
septics, and others that are sedatives, stim¬ 
ulants, and stomachics. Some possess 
analgesic properties; others are haemolytic 
or antizymatic. Some essential oils, such as 
wormseed, are among the best known an- 
thelminthics. 
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Nor have essences failed man on the 
industrial front. One of the first plastics, 
celluloid, was and is today compounded of 
camphor. Many products with a disagree¬ 
able odor, such as artificial leathers, be¬ 
come fully acceptable and agreeable when 
treated with essential oils. Essences have 
been incorporated in synthetic rubbers, 
thus opening new and profitable manufac¬ 
turing fields. In addition to these uses, 
essential oils are incorporated in small 
quantities in glues and other adhesives, 
animal feeds, automobile finishing supplies, 
insecticides and repellents, furniture 
polishes, janitor supplies, paints, paper and 
printing inks, petroleum and chemical 
products, textile processing materials, vet¬ 
erinary supplies, and many other accom¬ 
paniments of modern living. 

Moreover, one cannot disregard the eco¬ 
nomic significance of essential oil procure¬ 
ment, processing and marketing involving 
as it does a multitude of human beings in 
industrial centers and at the far corners of 
the earth. For use in the United States, 
most essential oils are imported, and thus 
serve to bolster the dollar exchange abroad. 
In all these ways essential oils influence 
man s daily life, to a degree out of propor¬ 
tion to the comparatively minor position 
essences hold in monetary and export- 
import volume. 

Examples of medicinal and industrial 
oils. 1. Camphor. Camphor was one of the 
familiar essences of the ancients; -it is re¬ 
corded as having been in use in the Western 
world as early as the sixth century b. c., and 
it was doubtless utilized in the Orient long 
before that. The chief natural source is 
Ci mamomum cmphora , of the Lauraceae, 

■ " atlVe Forra °sa. China, and Japan. But 
Uie camphor molecule is not uncommon and 
has also been obtained from plants of the 
Dtptero^rpaceae (Dryobalanops, from Bor- 
neo), the Labiata, 'Ocimum kiliman - 




dscharicum, from Africa), the Compositae, 
and even from animal sources. As earlv as 
1903 camphor had also been synthesized, 
and the synthetic form, usually prepared 
by oxidation of borneol, is today abun¬ 
dantly utilized. Camphor, unlike most es¬ 
sences, remains a white, crystalline solid 
at ordinary temperatures. 

The common camphor tree is a large 
forest plant with alternate ovate leaves, 
small white flowers, and red drupaceous 
fruits. The pld oriental method of extrac¬ 
tion involved felling the trees, chipping 
the wood, and crudely distilling the chips. 
The wasteful destruction of trees once 
threatened the industry, a not uncommon 
happening in wild plant exploitation. Re¬ 
portedly, as much as t hree tons of crude 
camphor have been derived from T single 
tree, the wood yielding as much as 5 per 
cent of the essence bt weight. The crude 
product is further refined (typically by sub¬ 
limation with quicklime and charcoal) at 
commercial or export centers, most of which 
were under the control of Japan until the 
end of World War II. Formosa has been the 
leading producer, at one time (1916) market¬ 
ing as much as a thousand tons annually, 
with the United States as the chief importer. 
Camphor is much used in cold remedies 
and other medicinals, liniments, perfumery, 
insecticides, and, of course, in manufacture 
of nitrocellulose derivatives such as celluloid 
(70 per cent of camphor production is re¬ 
portedly utilized by the celluloid industry 
—which, however, with the advent of mod¬ 
ern plastics, is a declining field). 

The camphor tree was introduced into 
Florida between 1870 and 1875. Methods 
have been developed there and in California 
for cutting and distilling the foliage alone 
so that the trees remain a permanent source 
of income. Trimming is typically done 
wice a year, with yields of foliage of up 
>0 e, 6 h. .our per acre, which, in ,L. pro 
duce up 200 lbs. of crude camphor. The 
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trees are tolerant of a variety of soils and 
of occasional temperatures as low as 15° F. 
I hey have no serious diseases or insect 
pests. I Inis, if the domestic camphor in¬ 
dustry fails, it will be because of economic 
and labor factors rather than of the in¬ 
ability o! the camphor tree to cope with 
New World glowing conditions. 

II a whole camphor tree were distilled to 
"whole camphor oil," composition of the 
product would be roughly 25 per cent cam¬ 
phor, 8 per cent safrole, f>7 per cent light 
camphor oil (mixture of several compo¬ 
nents). Leaves and twigs contain the most 
camphor (10 per cent) but no safrole: 
whereas the roots contain the highest safrole 
content but the least camphor. Ordinarilly 
safrole has a slightly higher market value 
than camphor, and several times the value 
of light camphor oil. Safrole, in addition to 
being produced from Cinnamomum, can 
also be derived front a number of other 
plants, of which the most important are 
perhaps the roots of Sassafras albidum, 
I.auraceae, North America: wood of Ocotea 
pretiosa, I.auraceae, Brazil: and leaves and 
twigs of Doryphora sassafras, Monimiaceae, 
Australia. Safrole is in demand for use in 
flavors and medicinals. 

2. Wormsf.fi). The anthelminthic vola¬ 
tile oil front American wormseed, C.heno- 
podium ambrosioides antlielminticum j has 
been produced from this cultivated plant 
without interruption for more than a cen¬ 
tury in Maryland, the center of production 
in the United States. The species is native 
to the American tropics and subtropics. 
Wormseed oil is distilled from the fruiting 
tops of the plant, the seed coats yielding 
the highest percentage of oil. Yields ol up 
to 40 lbs. of oil per acre are reported. The 
crop is handled much as is tobacco, being 
started in seed beds and set in the field in 
rows by means of a tomato planter. Harvest 
is by mechanical bunchers of the type used 
to gather clover seed. 


I'he oil has a single use-as a vermifuge. 
Its eHectiveness in control of intestinal para¬ 
sites seems to depend on its ascaridole con¬ 
tent, which may vary from year to year or 
with variation in harvest time, rate of dis¬ 
tillation, temperature ol distillate, and other 
factors. Production is about 20 tons an¬ 
nually in the United States, and minor 
amounts in various parts of the tropics. 

3. Bay Rum. Bay rum is obtained by 
distillation ol the foliage of Pimenla race- 
mosa (P. acris), of the Myrtaceae, native 
to the West Indies, where the bay rum 
industry centers. The well-known bay rum 
lotion commonly found in barber shops 
and on drug counters is soothing to the skin 
and presumably has some healing qualities, 
owing to bactericidal action by the phenols 
present. It is marketed as an alcoholic solu¬ 
tion of about I per cent bay oil, and received 
the name bay "rum” from the former prac¬ 
tice of distilling bay in rum and water. 

Bay rum trees provide a convenient sup¬ 
plementary income in the West Indies. The 
trees can be grown on rocky hillsides un¬ 
suited to agriculture, and harvest can await 
slack times in other agricultural pursuits. 
I he trees retain their dark green, glossy 
foliage throughout the year. In the wild 
they may grow to 60 ft. in height, but where 
utilized for bay oil, they are continuously 
cut back and seldom allowed to attain 
heights ol mt^e than 15 ft. Plants flower in 
March and April, and are usually prop¬ 
agated by seeds. The trees are seldom at¬ 
tacked by pests, and pretty well "take care 
of themselves.” 

At harvest, leaves alone may be stripped 
from the tree by hand, or the smaller 
branches may be cut and removed with the 
leaves. Yields of leaves are reported to be 
up to 15 tons per acre. The leaves are held 
in bins for about three days, then crushed 
and bruised in a chopper located above the 
distilling vat. Chopped leaves fall into the 
vat and are distilled for about five hours. 
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Bay oil is drawn off from the condensation 
tank, the later distillate containing the 
higher percentages of phenol. Production 
in Porto Rico sometimes reaches 15 tons of 
bay oil annually, and 16,000 gallons of bay 
rum, all of which is exported to the United 
States. 

Some other essential oils for medicinal 
or industrial use. 

Buchu -the oil is distilled from foliage of 
several species of Banana, of the Rutaceae, 
indigenous to South Africa. It is used as an 
antiseptic, stimulant, and tonic. The United 
States imports about 70 tons annually for such 
purposes. 

Cajepul-c ssence distilled from foliage of 
Melaleuca leucodendron, of the Myrtaceae, a 
small tree of southeastern Asia. It is widely 
used as a local remedy in the Orient, and is 
exported to some extent to Europe. 

Cedarwood—the oil is obtained by distilla¬ 
tion of wood of Juniper us virginiana, of the 
Cupressaceae, native to the eastern United 
States. The oil is cheap and finds extensive use 
m the soap industry, as a moth repellent, 
deodorant, component of polishes, and as the 
basts for several perfumes. 

<Ifhmomile- an old-time remedy obtained by 
infusion of the dried flower heads of Matricaria 
chamoriUlla, of the Compositae, native to Eur¬ 
asia and grown there and in the United States. 
The United States imports annually up to 70 
tons of this tonic and stimulant, part of which 

may come from the garden chamomile. An - 
Menus nobilis. 

Cubeb—oil obtained by distillation of the dry 
unripened fruits of Piper cubeba, of the Pipera- 
Cea \ a c,amb enng shrub of the East Indies 

The drTed f " .'Tb remediCS 3nd in soa P’’ 

spkes h3Ve 3lS0 been em PWed as 

fr/geron-on of sporadic production, distilled 
from vegetative parts of species of Erigeron 

tZ K ' ma>, ‘ a " d the •*“ " u, 


Hoarhound —a favorite domestic remedy in 
early America, prepared by infusing the dried 
tops of Marrubium vulgare. of the Labiatae, 
native to Eurasia but naturalized in North 
America. Hoarhound candy and lozenges for 
treatment of colds, dyspepsia, and other ail¬ 
ments arc still common. 

Pennyroyal —obtained from the very aromatic 
Hedeoma pulegioides, of the I.abiatae, native 
to the eastern United States. It finds use in 
medicinals, but because the plant is small and 
is collected with difficulty, it is a negligible item 
in commerce. 

Santonin —santonin oil, from distillation of 
the flower heads of Artemisia cina, of the Com¬ 
positae, native to western Asia, serves as an 
anthelminthic. 

Sweet birch-see Wintergrecn, under discus¬ 
sion of flavors, page 266. 

Tansy -tansy oil, from leaves and tops of 
Tanacetum vulgare, of the Compositae, is 
distilled to a limited e.xtent in the north cen¬ 
tral United States for use in medicinals. 

Tea tree -tea tree oil, from distillation of 
foliage of Melaleuca alternifolia, of the Myrta¬ 
ceae, growing in Australia, is said to have high 
germicidal properties. It is used in medicated 
soaps, dentifrices, and certain medicinals. 

IVitch hazel -the volatile oil from distillation 
of twigs of Hamamelis virginiana, of the Hama- 
mehdaceae, common in the eastern United 
States, is used in external medicine. Chief pro- 
ducjjon comes from Connecticut. 

^ I Vorm wood—worm wood oil, also known as 
absinthe, is obtained by distillation of leaves 
and tops of the perennial herb Artemisia ab- 
Vruhtum, 0 f ,i, e Compositae, native to the 
Mediterranean area and cultivated in the United 
Slates particularly i„ Michigan a „ d 0 

The plants are started in seed beds, transplanted 
hy planting machines, and harvested by grain 
buidets. Principal uses are in t „ e preparadon 
of liniments, and or the liqueur absinthe. 

Summary of , he Essential Oil Indualry. 

esImia h l i,t0 | ,Ca !. reaS °" S the P rodu «ton of 

ZT 0jS haS lon e cenlered in the 
Mediterranean region and the Far East. 
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Only gradually and within recent decades 
have countries other than those of southern 
Europe and the Near or Far East come to 
produce essential oils. Owing to high labor 
costs, countries such as the United States are 
at a disadvantage in competition with coun¬ 
tries in which production is carried on by 
peasant families. Thus the only essential oil 
industries to succeed in this country are 

4 

those utilizing by-products or waste of other 
industries (citrus oil), or those permitting 
extensive mechanization (peppermint oil). 
Save where new-found uses for an essential 
oil greatly increase demand and provide 
a stimulus for large-scale, mechanized pro¬ 
duction, it appears likely that essential oils 
will continue to be produced as they have 
been in the past, and in much the same area. 
There does seem to be a slight trend toward 
the production of several essential oils, how¬ 
ever, in tropical and subtropical America, 
where heretofore production has been in¬ 
consequential. Increased chemical technol¬ 
ogy will serve as a stabilizer for essential oil 
prices: for should any one oil tend to sky¬ 
rocket in price, owing to increased demand, 
scarcity, or am other reason, it would be a 
comparatively simple matter to synthesize 
this essence from other cheaper or more 
abundant sources. Thus a natural American 
camphor obtainable from Artemesia tri- 
dentata can be more cheaply synthesized 
using pinene obtained from turpentine. 


Geraniol can be readily changed to finalool, 
and vice versa: both are valuable perfume 
constituents, and. depending upon market 
conditions, either can augment the supply 
of the other. 

Essential oils vary in composition. Nor¬ 
mally variation can be controlled through 
proper choice of agricultural and climatic 
conditions, and by the hereditary mechanism 
of the plant. With hybridization and selec¬ 
tion. and precise agricultural techniques, it 
is possible for human activity to improve 
the quality and yields of most essential oils. 
Doubtless this will be accomplished in 
industrialized production areas, as will also 
development ol newer and more economical 
means ol disposal of spent plant materials. 
Nevertheless, production of essential oils 
will probably always involve considerable 
risk. Extensive operations should always be 
preceded by small-scale experiments to show 
exact costs and possibilities in the growing 
of the plants, harvest means, the labor situa¬ 
tion, extraction costs, marketing techniques, 
chemical purity of the product, and so on. 
When problems of this nature have been 
ironed out, there should be a continuing 
and even increasing demand for essential 
oils, lor it is hard to imagine a modern 
economy devoid of the flavors and fra- 
grances so characteristically found today 
in toilet articles, cosmetics, spiced foods, 
and many industrial products. 
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solvent. All soluble compounds then are 


in the twentieth century many plants as 
important in the trade as ipecac and gin¬ 
seng come largely Irom wild sources. In the 
war emergency ol Wot Id War II, large 
supplies of quinine were again taken from 
the wilds of the South American Andes. 
U‘t, as will become apparent in discussing 
the important medicinal and insecticidal 
plants, progressive cultivation is coming 
more and more to be practiced. The day of 
the wild herb hunter has largely passed. 
And in the case ol antibiotics, the entire 
culture of the molds and extraction of the 
drug are scientifically controlled laboratory 
procedures, as elaborate and efficient as the 
assembly line in any modern industry. 

Drugs and insecticides are sought and 
collected in all corners of the globe, under 
nearly all types of climate. They come from 
trees, shrubs, and herbs, and from more 
primitive kinds of plants that are not even 
one of these. They are made from fruit, 
flower, leaf, stem, or root, into solids, 
liquids, infusions, or dusts. Most are gath¬ 
ered by hand and locally dried; and some 
must undergo preliminary treatment or 
curing at their source before being shipped 
to consuming centers. Seldom is any part 
of the world self-sufficient as regards drugs; 
and the United States, a country of high 
labor costs, is particularly dependent upon 
imports for the great majority of botanicals 
used for medicine and for insecticides. 
These are for the most part imported in 
crude form (milled drugs must pay 10 
per cent duty) and are processed by skilled 
labor using special machinery that is usually 
not available in the producing areas. Of 
course, grading and testing for adulteration 
must be practiced to control quality. Prac¬ 
tically all drugs require some milling before 
they are marketed—such as sifting, recon¬ 
ditioning, grinding, and blending. Extracts 
may be made by the usual process of macera¬ 
tion, percolation, filtration, and evapora¬ 
tion, utilizing water, alcohol, or some other 


present in the extract. Concentrations may 
be made by precipitating specific com¬ 
ponents out of a solution mixture. Several 
dissolutions and precipitations or crystalliza¬ 
tions may be necessary to attain the desired 
degree of purification. Other extraction 
procedures (such as distillation, fractiona¬ 
tion, and so on) follow the same course 
described for essential oils, and almost all 
demand years of experience for their 
mastery. Thus conditions of manufacture 
and a shifting accent on drugs and insecti¬ 
cides cause an ebb and flow in activity 
among a multitude of producers and mar¬ 
keting agencies. 

IMedicinals 

The history of drugs is largely the early 

history of botanical science. More than 

/ 

1,000 years ago a few hundred drug plants 
were known to the Assyrians, and only 
slightly later, Egyptian records indicate 
established preparation and usage of medi¬ 
cines. A few centuries before Christ, the 
Greeks, though considering agriculture a 
matter for slaves and peasants, nevertheless 
gave a disproportionate amount of attention 
to medicinals. About 75 b.c. the famed 
Dioscorides discussed in detail several 
thousand botanicals in his outstanding De 
Materia Medica—a book destined to become 
the authoritative reference concerning medi¬ 
cinal plants for the next fifteen centuries, 
fn the Middle Ages little new was learned, 
but the advent of the herbalists in the 
fifteenth to seventeenth centuries heralded 
the beginning of modern botany. The 
herbals, magnificent tomes compounded of 
artistry, superstition, and the beginnings 
of observational science, dealt mostly with 
medicinal plants. The “Doctrine of Signa¬ 
tures" they advanced assumed in teleological 
fashion that all plants were created for 
man's use and were endowed with certain 
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forms and sharps that marl-pd them for a 
specific use in treating similarly shaped 
organs in the human body. The walnut, 
for example, was a brain tonic; the blood- 
root, a blood tonic. But with the advance of 
knowledge the superstition connected with 
most reputed medicinals was revealed, and 
gradually most of the remedies of the old 
apothecary shop fell into disrepute. Very 
few medicinal species have remained in 
favor for even so much as a century—only 
the giant drugs, such as quinine, opium, 
and belladonna. But strangely enough 
modern medicine now anti then discovers 
in an ancient remedy unusual chemical 
compounds that exert unusual influence 
upon human physiology. Perhaps the lore 
of centuries past did not contain as much 
superstition as it has sometimes seemed. 

Botanical drugs may be classified upon 
the basis of the plants from which they are 
derived, upon that of the type of disease 
for which they are used, or upon that of 
chemical nature and similarity. Perhaps the 
last has the most to commend it, as a 
meeting ground between the first two bases. 
In the following pages a few outstanding 
drugs of three or four chemical categories 
will be discussed and some of the world's 
commercial drug plants will be listed. Anti¬ 
biotics, the newest and most glamorous of 
plant drug types will be first discussed. The 
key ring structure of^eniciilin, the “type" 
antibiotic, contains a C—r _]M_p s- linh 
age. Next to be discussed will be a few 
alkaloidal drugs, a category of high im¬ 
portance, including quini ne, opium, y n- 
caine, strychnine, and belladonna. The 
alkaloid structure contains a P—f ,, ]^ j 

and the empirical formula 
for quinine, for example, is C 2o H 24 N 2 0 2 . 
Among glycoside drugs to be mentioned is 
digitalis. In the glycoside (a type of gluco- 
side) molecule there occurs a sugar (usually 
glucose) linkage. Hashish, once thought to 
be alkaloidal but recently found to derive 


its effects from an oil, will be briefly treated. 
Drugs with the chemical nature of essential 
oils have already been discussed in a pre¬ 
vious chapter devoted to that subject and 
will not be further elaborated upon here. 
Caffeine-producing plants, sometimes used 
as medicinals or stimulants, will largely be 
covered in a later chapter devoted to bever¬ 
age plants. 

1. Antibiotics. One of the remarkable 
fields of modern botany to be suddenly 
opened up is that of antibiotics—drugs such 
as penicillin and aureomycin derived from 
various inconspicuous and little-known 
molds. Knowledge of molds as healers is 
not entirely new, for the Chinese two 
thousand years b.c. are said to have applied 
green mold to relieve festering tdeers. In 
1877, moreover, Pasteur and Jaubert ob¬ 
served that cultures of anthrax bacilli could 
be destroyed by contaminating organisms. 
But not until 1928, in a British hospital, 
when Sir Alexander Fleming noted that a 
green Penicillium mold contaminating his 
bacterial cultures caused lysis (dissolving 
and destruction) of the disease-causing 
bacteria, was one of the most spectacular 
fields of healing really opened up. The 
final chapters in die story of antibiotics 
remain to be written, for active research is 
today seeking newer, ever more useful or 
specialized drugs from all sorts of molds 
the world over-molds heretofore not given 
a second glance. It is not too much to hope 
that eventually harmless yet miraculously 
effective metabolic products from lower 
organisms may serve to curb many of man’s 
most serious diseases. 

Fleming's early work was elaborated by 
Dr. Howard Florey and odiers, with Florey 
coming to the United States in 1941 to aid 
m setting up a program for quantitative 
production of the scarce and expensive 
drug, until then dissolved from tediously 
grown surface molds. At the U.S. Govern- 
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A pnriial viciv of the fermentation unit in the streptomycin manufacturing 
plant of Merck and Co.. Inc., at Elkion, Virginia. The microspic organism, 
Slreptomyces griscus, from which the drug is produced, is grown from test-tube 
quantities through increasingly larger tanks. When it has multiplied itself billions 
of times, the living material is transferred to the huge tanks shown above for 
final fermentation. (Courtesy Merck and Co.) 


ment Regional Laboratory in Peoria, Illi¬ 
nois, through the cooperative efforts of 
many scientists, methods were developed 
for growing cheaply large quantities of the 
mold and extracting, purifying, and crystal¬ 
lizing the penicillin into stable form. Several 
private companies thereupon took up the 
production of penicillin, elaborating pro¬ 
duction techniques and turning out an¬ 
nually millions of dollars worth of the 
potent extractive horn Penicillium nolaturn 
and P. chrysogenum, of the Ascomycetae, 
the most productive strain of which, it is 
reported, was not found where sought in 
the distant parts of the world but prosai¬ 
cally upon a cantaloupe in the market at 
Peoria. Productivity of this strain has been 


further enhanced by development of x-ray 
and ultraviolet mutants. Today world pro¬ 
duction is reckoned at more than thirty 
trillion units, 85 per cent, or some 80 tons, 
of which is produced in the United States. 

Originally penicillin was simply the fil¬ 
trate of nutrient broth upon which Penicil- 
lium notatum was grown. The mold grew 
only on the surface, for it is an aerobic 
fungus. Gradually techniques were de¬ 
veloped for extracting the penicillin with 
solvents (ether, amyl acetate, and the like), 
from which in turn it was precipitated by 
appropriate techniques. The purified peni¬ 
cillin proved a thousand times more potent 
than Fleming’s original material and was 
far more stable. Most penicillin is prepared 
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today as the stable crystalline salt, which 
may be kept for years unrefrigerated. 

In general, antibiotics are prepared com¬ 
mercially according to the following basic 
principles.* The highly selected strain of 
mold is cultured in small flasks of nutrient 
broth. When growth has progressed, these 
flasks are used to inoculate larger ‘‘seed 
tanks,” which in their turn inoculate the 
huge (12,000 gallon) vats in which com¬ 
mercial production occurs. The food or 
medium supplied is typically of a sterile, 
standardized lactose-corn steep liquor base. 
Sterile air is continuously bubbled through 
the tank (since the mold is aerobic). Eventu¬ 
ally, after maximum growth of the mold, 
filtering, solvent extraction, and precipita¬ 
tion from the solvent are effected. Further 
crystallization or purification, and standard¬ 
izing and packaging, are done quickly under 
antiseptic conditions. Such mass production 
techniques have given the world an ample 
supply of the important antibiotics at com¬ 
paratively low prices, and will doubtless 
continue to be used until science discovers 
a cheaper means of synthesizing the anti¬ 
biotics. 

Antibiotics other than penicillin that 
have attained commercial success are strep¬ 
tomycin from Streptomyces griseus, which 
attacks many bacteria unaffected by penicil¬ 
lin (but is in turn ineffectual against certain 
types controlled by penicillin, and has 
other disadvantages), and aureomycin, from 
Streptomyces auriofaciens, both Actinomy- 
cetes. The latter shows considerable promise 
of being even more useful than penicillin, 
in that it attacks a wider range of diseases’ 
including virus and rickettsial diseases, and 
shows no signs of building up resistance in 
the organisms attacked. It can, moreover 
be administered orally quite effectively, thus 
eliminating the unpopular injections nor¬ 
mally necessary for penicillin. One other 


27". 

antibiotic has found some favor-chloromv- 
cetin, from another Actinomvcete of the 
genus Actinomyces; and as this is written the 
newest antibiotics of all, neomycin and 
terramycin, from the Actinomycetes Strep- 
lomyces jradiae and .V. rimosus respectively, 
give promise of even greater utility. Baci¬ 
tracin, tvrothricin, streptothricin, citrinin, 
notatin, gliotoxin, subtilin, actinomycin, 
fumigacin, pyocyanin, davacin, flavacin, 
aspergillic acid, and others have all been 
unable to compete with the more common 
antibiotics, largely because of their toxicity 
to the human organism. 

Neither penicillin nor any of the othel 
antibiotics is a cure-all. Their action is first 
of all antibacterial and not effective against 
toxins already present. Moreover, the anti¬ 
biotics are unpredictably lethal to certain 
bacterial types, harmless to others; and 
build up resistant strains in many cases. 
Until antibiotics are tried upon a whole 
array of diseases, their effectiveness against 
each one cannot be known. Penicillin, for 
example, can cure anthrax, pneumococeic 
pneumonia, various streptococcic infections, 
and the like, but fails against malaria, tu¬ 
berculosis, poliomyelitis, and cancer. Like¬ 
wise, antibiotics may cure diseases in certain 
body sites and not in others, or with certain 
means of administration and not with 
others. Much remains to be discovered 
about just how antibiotics work. Once these 
mysteries have been cleared up, the way 
will be open to production of curatives 
tailor-made to fit the disease. Antibiotics 
have indeed inaugurated a promising era 
in man’s age-old fight against disease, both 
of animal and of plant. Sr *' 

* 

2. Quinine. One of the most remarkable 
drugs derived from plants is quinine, de¬ 
rived from species of Cinchona, of the 
Rubiaceae. Quinine has a long and interest- 
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The ledger strain of quinine, Cinchona ledgeriana. 
(Courtesy Chicago Natural History Museum.) 


ing history.* Perhaps this antimalarial, 
harmless to man but deadly to the active 
phase of the malarial protozoan, was used 
by the Andean Indians before discovery of 
the New World; it is certain, however, that 
the conquistadores and particularly the 
Jesuits brought it to Europe, where cen¬ 
turies passed before its true merits were 
recognized. Doubtful legend has it that the 
wife of the Count of Cinchon stricken with 
malaria in 1638, was cured by the native 
fever-bark, until then an obscure local 
remedy. It is said that the countess was so 
pleased that she had the bark of the genus 
that now bears her name sent to Europe, 
where it intermittently found favor, though 
not with a medical profession addicted to 
bleeding for all ills and condemnatory of 
anything new and unfamiliar—particularly 
if it cured a patient too quickly. 

Cinchona is native to the Andean high¬ 
lands of South America, from Bolivia to 



A cascariUero stripping bark from felled tree of 
Cinchona pubescens. Peru. (Courtesy Economic 
Botany.) 


Colombia and scatteringly in Panama and 
Costa Rica. It is seldom found at elevations 
below 1,000 ft., preferring the coolness and 
abundant but distributed rains of well- 
drained mountain slopes. Many species have 
been described and partially accepted, al¬ 
though some botanists believe most to be 
but variants of Cinchona pubescens and C. 
officinalis. Nevertheless, writings on the sub¬ 
ject are replete with references to the 
famous C. ledgeriana (high-yielding strain, 
the source of Far Eastern plantation stock), 
C. calisaya (of which C. ledgeriana is usually 
considered but a strain), and the hardy C. 
succirubra (conceded to be only a form of 
C. pubescens). W. H. Hodge f recognizes 
as of important practical if not taxonomic 


• An enleriaining account of .he history of quinine i, given by M_L. Duran-Reynal, in The Fever- 
nk Tree-The Pageant of Quinine (Garden City. N. Y, Doubleday & Co., 1916). 

\ Economic Botany 2, 229-257, 1918. 
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validity, in addition to C. pubescens and 
C. officinalis , C. calisaya, of southern Peru 
and Bolivia; C. humboldtiam, of northern 
Peru; C. micrantha, of Ecuador-Bolivia 
(low in quinine but high in the other 
alkaloids and long a prime source of lever- 
bark); C. nitida, of Peru and Ecuador; C. 
macrocalyx (C. pilayensis), of Colombia- 
Peru; and C. rufinervis, of Bolivia and 
Peru. The related Remijia pedunculala has 
also given commercial yields of the quinine 
alkaloids. 

{/tour main alkaloids are found in Cin¬ 
chona bark, all useful as antimalarials (col¬ 
lectively used to make " totaqu ine"). These 
are ci nchonin e, cinchonidine, q uinin e, and 
qu jnid ine. In unselected wild barks they 
occur (together) in amounts up to 7 per cent. 
By selection and breeding, from the high- 
yielding Bolivian plants secured by the 
servant (later killed for this effort) of one 
Mr. Ledger, British resident of Bolivia, and 
peddled to private British interests in India 
and to the Dutch government, strains yield¬ 
ing 17 per cent crystallizable alkaloid have 
been developed. Of this type, of course, are 
the commercial quinine plants of the twen¬ 
tieth century, against which the wild, un¬ 
selected, and distant sources of South 
America can not compete, except during a 
war which cuts off supplies from the East 
Indies. Fortunately, by the time of World 
War II, the secret of atabrine, an anti- 
malarial developed in Germany from coal- 
tar sources, was in Allied hands, to supple¬ 
ment an inadequate supply of quinine from 
the wild trees of South America. 

The story of quinine thus strangely paral¬ 
lels that of rubber. It is a story of an 
important wild plant discovered in South 
America, harvested only front the wild lot- 
decades and never in the area of its origin 
given the benefits of domestication; of seed 
and growing stock smuggled to the Far East 
by European powers; of intense scientific 
attention to make the plantation plant 



superior to any species growing in the wild, 
by economical growing and harvesting; of 
monopoly resirkting production and enforc¬ 
ing pri<e maintenance until war anti syn¬ 
thetics put an end to a lucrative, imperialis¬ 
tic trade. It is another striking example ol 
the fact that wild plants can never compete 
successfully with superior strains cultivated 
cm centralized plantations abounding in 
supervised labor. For though in 1880 most 
production-some three or four thousand 
tons of bark-came from South America, In 
the 1930's that continent produced less than 




muuviiiu ions annuanv, 

Indies produced about twelve thousand 
tons. Before World War II about 90 per 
cent of world quinine tame from Java. 

In plantation practice vigorous root stock 
is grown Irom seed, ^usually taken front the 
hardy "suctirubra" strain. To this, at about 
six months, arc grafted buds from selected 
clones ol high-yielding "calisaya" types; the 
process is similar to that used for rubber. 
Considerable care must be taken to follow 
proper techniques ol shading, disease con¬ 
trol. budding, and the like. When about 5 
ft. tall the budded seedlings are planted in 
rows approximately -1 ft. apart and are 
allowed to grow for some six years. Harvest 
is then begun as a thinning-out process. 
Each year more trees are utilized, until, in 
about twelve years, the entire plantation is 
consumed. Usually, in harvesting, the entire 
tree is uprooted, to provide bark from 
tiunk, root, and branches. In some strains 
die roots yield more bark than the trunk. 
Usually the bark is first beaten with a mallet 
to loosen it and then is peeled bv hand, with 
the machete or other knife. Lite peeled 
bark must be dried quickly to prevent loss 
of alkaloids—a phase of production that in 
the wild is rather haphazardly carried out 
m crtule fire-heated shelters or in sunny 
clearings in the forest. On plantations prop- 
erly regulated drying ovens are possible. 
A he fully dried bark is then sent to the 
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Cinchona bark drying in strips in southern Peru. 
(Courtesy Economic Botany.) 


factories, usually located in the United 
States or Europe, for final solvent extrac¬ 
tion of the alkaloids. In this extraction 
powdered bark is mixed with lime, and the 
alkaloids are removed with amyl alcohol or 
ether. These alkaloids are in turn extracted 
from the solvent by shaking in acidified 
water: they precipitate out when the water 
is made alkaline. 

In the wild, quinine trees that have been 
cut down seem to come back from root 
sprouts, so that the "extermination” feared 
in many areas is a rather temporary condi¬ 
tion. Many of the best quinine forests in 
South America, completely worked out in 
the 1880's, yielded again the greatest quan¬ 
tity of healing bark in the 1940’s. During 
the war years these forests were systemati¬ 
cally exploited by North American technical 
crews advising local technicians and labor. 
Cascarilleros (bark collectors) were taught 


to recognize the quinine tree and sent into 
the forests to fell Cinchona in order that 
Allied armies might fight a war that often 
centered in the tropics. Probably more was 
learned concerning wild quinine in this 
brief period than in all the preceding 
centuries since its discovery. 

Although quinine was synthesized in 
1944, synthetic production is not yet com¬ 
mercially feasible, and Far Eastern produc¬ 
tion will probably continue to be important. 
But there can never again be an era of lush 
profits from quinine, for the substitutes- 
atabrine, plasmoquine, paludrine, or eme¬ 
tine-can now be readily and cheaply 
produced, and in some cases are actually 
preferable to quinine. 

3. O'pium. Another botanical drug, but 
one with a reputation for harming as well 
as for helping, is opium from the opium 
pop py. P apaver somnif erum, of the Papa- 
veraceae. The species is believed to have 
been native to Egypt or Asia Minor, where 
it is today often encountered as a weed. It 
has spread throughout the civilized world 
in all climates similar to that of the Medi¬ 
terranean area. |This famous drug plant has 
a history dati ng~~from the beginning oT 
recorded time; its wild ancestral form is 
apparently not even known, so long has man 
cared for and cultivated the opium poppy. 
Its legend is recorded in the hieroglyphics 
of Egypt, and Homer sings of it in his 
Odyssey. Hippocrates, Theophrastus, Pliny, 
Dioscorides, and Celsus, all discuss it; and 
many a more recent author, not the least of 
whom is De Quincey ( Confessions of an 
English Opium-Eater, 1822) has written 
with fearful fascination of this great anal¬ 
gesic. The alkaloids derived from opium 
afford relief to millions of sufferers, at t|ie 
sam e time that they breed addic tignjmd 
degr adation among other m illiflnS-Sec^o 
tempora ry respite from the trav ail of evgry' 
day existence. 
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In crude opium are reportedly contained, 
with some variation, the following compo¬ 
nents: gum, 2:'i percent; rubber, (i per cent; 
resin, -1 per cent; oils, 2 per cent; water, 10 
per cent; pigments and other extraneous 
matter, 24 per cent; meconic acid, 1 per 
cent; morphine, 11 per cent; codeine, 1 per 
cent; and some thirty other alkaloids (nar¬ 
cotine, narceine, laudanin, meconine, and 
the like), 15 per cent. All the alkaloids and 
meconic acid have some physiological in¬ 
fluence, but the basic attributes ol opium 
are mostly due to the alkaloid morphine, 
Ci T H 1v 0 3 N. It was not long, of course, be¬ 
fore modern chemistry learned to extract 
morphine from opium in nearly pure form; 
but it has not yet been able to synthesize 
this alkaloid (although the similar heroin 
constitutes an artificial derivative ol mor¬ 
phine). In extracting commercial morphine 
crude opium is treated with calcium chlor¬ 
ide to precipitate meconic acid and certain 
other impurities, while sodium acetate re¬ 
moves narcotine and papaverine. Finally 
crude morphine is precipitated out in alka¬ 
line solution and purified by repeated 
crystallization. 

The opium poppy is cultivated for opium 
or as an ornamental in many parts of the 
world, especially India and China (where 
the opium is mostly locally consumed) and 
in the Near East and Mediterranean area 
(source of most of the world’s legitimate 
supply of opium). It is a rigid, spiny-leaved 
annual, with large, four-parted, white to 
purple flowers and urn-shaped fruits (cap¬ 
sules). The very fine seeds are broadcast, 
often in two or three sowings, to assure a 
crop, for the seedling is notoriously sus¬ 
ceptible to unfavorable weather upon ger¬ 
mination. The poppy gi-ows rapidly during 
spring and matures several capsules during 
June and July. Planting, cultivation, and 
harvest are almost-universally done by 
hand, so that commercial growing of the 


poppy the world over must take place in 
cheap labor areas. 

In a previous chapter seeds of the opium 
poppy were listed as an oil source; the oil 
may at times approach in value the harvest 
of opium for alkaloids. The latter are very 
tediously produced by incising the maturing 
capsule, usually after sunset, by means of 
special tools designed not to cut too deeply 
(else the “milk" will be "lost" among the 
seeds), and scraping off the next morning 
the coagulated drops of exudate that re¬ 
sult. Many such scrapings are dried and then 
kneaded into dark yellow or brown, bitter 
balls of crude opium. These are carefully 
packed to avoid abrasion and shipped to 
buying centers. Yields of 25 to 40 lbs. of 
opium per acre are possible under good 
growing conditions. Such production re¬ 
quires about 20 thousand poppy plants 
of six capsules each. It is difficult to 
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for much is surreptitiously collected and 
used. Imports to the United States amount 
to a few hundred tons annually, and world 
production has been estimated at about 9 
thousand tons, of which some 335 tons are 
sufficient for medical needs, the rest being 
sold in illicit traffic. 

The habit-forming characteristic of 
opium is well known, for this is the sensa¬ 
tional aspect of the drug much brought to 
public attention. Small quantities, whether 
originally taken unwi ttingly or hv ijup nt 

cai^£_pkaant jeelings of exhilaration a nd 

peaje. Gradually, with habitual use, larger 
closes must be taken to produce the sens* 
tlon > unt iL such quantities ^ might ha vo 
been J e t ha 1 at the, onset give nn t | lan 

a .uikLefa, By this time so great is the 
user’ulesire for the drug ,h„ ot 

demoralization nr v»t g lTce ; s tnn f tQ 

att^nJkBut in spite of tlm"insidjous cor- 
ru B tia o Ji y ppinm_of milli Qns nf th e, world's 

inhabitan ts, early effort to controhhe t r:„U 

m the drua m*r i:**i_ - r 

fact. 
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Coca or cocaine plant, Erythroxylon coca. (Courtesy 
Chicago Natural History Museum.) 


contrary to popular belief, use of opium in 
the Orient (first by the Indians, who ate it; 
later by the Chinese, who smoked it) is 
relatively recent and has been fostered by 
“enlightened" Europeans. Even today, with 
many bans upon the sale of nonmedical 
opium, opium dens flourish throughout the 
world. 

As a medicine, opiates are usually taken 
orally, rectally, or by means of a hypoder¬ 
mic, to render parts of the body insensitive 
to pain. Morphine is also used in a number 
of cough medicines, since it depresses the 
brain center involved in coughing. Many 
additional medical uses, as well, have been 
found for morphine and codeine, although 
their sedative and narcotic effects account 
for their chief importance. Balancing the 
good against the evil, the world can still be 
thankful for Papaver somniferum; and 
doubtless for years to come it will remain 
one of man’s foremost medicinal plants- 
until morphine, too. falls before the chem¬ 


ist’s ever increasing ability to synthesize 
natural products. 

1 4. (cocaine . Coca or cocaine, another 
moiVscdatTVe, is, like oju tim, capable o f 
dimi nishing or suspending emntinn am i 
p erception. It is derived from Erythroxylon 
cola and perhaps other species of the 
Erythroxyllaceae. Besides yielding the local 
anesthetic cocaine, it is most famous as the 
peculiar stimulant of Andean porters and 
laborers, who, it is said, can work with 
superhuman endurance for days with little 
or no food if they chew coca. Distances in 
the Andes are frequently reckoned in "co- 
cadas,” the span that can be traveled on one 
chew, instead of in miles. Many an Indian’s 
cheeks have become permanently distended 
from his habit of continuously holding a 
coca cud or “aculli” in the mouth. With 
protracted and excessive use, coca may be¬ 
come habit-forming like opium, with 
human debilitation as the result. 

Native to the Andean region, coca has 
long been used there as a masticatory and 
as a cure for all the ills that flesh is heir to. 
It is typically chewed together with pow¬ 
dered lime, carried in the omnipresent 
gourd or “poporo” and said to be necessary 
to get any effect from the coca. Significantly, 
commercial extraction of cocaine utilizes 
this principle of the addition of lime to 
extract cocaine alkaloids. Coca is sold in all 
the local markets, and is often one of the 
most profitable of cultivated crops. Many 
thousands of tons are consumed locally 
in South America each year; thus there is a 
steady demand. As with quinine, wild plants 
in South America proved insufficient to 
supply world demand when the utility of 
cocaine came to be known, with the result 
that the plant was introduced into the East 
Indies. In recent decades much of the supply 
of coca for international trade has come 
from plantations in Java. Imports to the 
United States amount at most to a few 
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A belladonna plant. Atropa belladonna, the leaves of which arc ready to be 
harvested for alkaloid extraction. (Courtesy Economic Botany.) 


hundred tons annually, a good part of 
which, in de-alkaloidized" form, goes into 
“cola” flavorings. 

The coca plant is a small tree or shrub 
with alternate, ovate leaves, prominent stip¬ 
ules, and tiny white flowers. It is generally 
planted from seeds, the seedlings being kept 
shaded in the nursery for eight to ten 
months. Planted out, they are given greater 
or less attention, depending upon whether 
grown in a small local patch in the Andes or 
on a supervised plantation in Java. When 
the plant is about 6 ft. tall, the leaves are 
collected by hand, "sweated” (cured), and 
dried. Drying may be in the sun or in 
special drying sheds. The leaves are then 
ready for chewing or for sale to extraction 
factories. Extraction of the cocaine alkaloid 
is accomplished by a solvent process similar 
to that described for opium. The chemical 
structure of cocaine, C 17 H 21 0 4 N, has been 
fairly well deciphered, and although true 
cocaine is not synthesized, the similar novo- 


caine and procaine have been artificially 
made, to become common standardized sub¬ 
stitutes available to every dentist and doc¬ 
tor. As in the days of the Inca empire, coca 
continuesjnost used in its homeland—as a 
nar cotic^jnThulantT and supposed "pa nacea. 

5 .•Belladonna. Another old but still 
important alkaloidal drug is belladonna, 
from the leaves of the deadly nightshade, 
Ajrol>a belladonm, of th eSolanarm, 
indigenous to Europe. Belladonna has been 
extensively used in European medicine 
since earliest times. The d eadly nightsha de 
is repeatedly illustrated in the great herbals, 
and us toxic properties recognized in the 
magic potions of the alchemists. Until the 
nineteenth century collection was chiefly 
rom wild sources, but since that time 
limited though significant cultivation has 
been practiced. In the United State? success- 
tul emergency growing during World War 

was practiced, particularly in Pennsyi- 
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Branch and fruit of the strychnine plant, Stryclmos 
nux-vomica. (Courtesy Chicago Natural History 
Museum.) 


vania, Wisconsin, and California, where 
(owing and cultivation were mechanically 
handled. Harvest of leaves is generally at 
flowering time, in late May or June, when 
alkaloidal concentration is greatest. Leaves 
(and roots, if used) are dried for two to 
fifteen weeks at cool temperatures and then 
pulverized. Solvent extraction follows, 
usually with ether or ethyl acetate, from 
which the alkaloids are crystallized out by 
appropriate techniques. 

The deadly nightshade is a herbaceous 
perennial, with creeping ro£t stock; alter¬ 
nate, ovate, enure leaves; more or less 
hollow stem; purplish, campanulate corolla 
with reflexed lobes; and a Brownish or black¬ 
ish berry. All parts of the plant contain 


! alkaloids in fractions of a per cent. In 
1809 the alkaloid atropine (C 17 H, a 0 3 N) 
was isolated from belladonna, and later 
other alkaloids, including hyoscyamine 
(C| 7 H m O ; ,N, the isomer of atropine), apoa- 
tropine and belladonine (C 17 H 21 0.,N), nor¬ 
hyoscyamine and noratropine (C 16 H 2t 0 3 N), 
scopolamine and hyoscine (C 17 H 21 0 4 N), 
j tropacocaine (C 15 H 10 O 2 N), and meteloidine 
(C i;i H 21 0 4 N), were similarly isolated. Atro¬ 
pine, hyoscyamine, and scopolamine are the 
three most used in medicine. They sene 
as sti mulan ts to the sympathetic nervous 
system and hence as antidotes for opium 
alkaloids, as diuretics, in dilating the pupil 
ol the eye, in treatment of palsy, and exter¬ 
nally in ointment as an anodyne. Inhalation 
of burning belladonna leaves has been used 
in treatment of asthmatic paroxysms. 
Atropine or hyoscyamine are used alone to 
check secretion, stimulate circulation (in 
shock treatment, for example), counteract 
muscle spasms, dilate the eye, and relieve 
pain locally. Scopolamine does not stimulate 
the sympathetic centers but does markedly 
depress the parasympathetic, finding great 
utility as a narcotic and anti-insomniac, and 
more recently (with morphine) as the obstet¬ 
rical anesthesia "twilight sleep.” 

Before World War II the United States 
imported one to two hundred tons of 
belladonna annually, but when these neces¬ 
sary supplies were cut off by the war domes¬ 
tic production equal to the demand was 
effected. Whether part of this industry can 
continue to persist in competition once 
again with imports from cheaper laboi 
areas remains to be seen. 

v C Strychnine. Strychnine, from species 
of Strychnos, of the Loganiaceae, has at¬ 
tained greater fame as a poison and an 
arrow poison (curare) than as a medicinal. 
Yet in proper dosage it alleviates human 
suffering by relieving paralysis and stimulat¬ 
ing the central nervous system. It also serves 
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as a tonic. Commercial strychnine comes 
from the Oriental Strychnos nux-votnica 
and the Philippine S. ignatii. The South 
American curare utilizes many species of 
Strychnos (as well as other plants), includ¬ 
ing S. guianensis and S. toxifera. The toxic 
and medicinal properties of Strychnos are 
predominantly due to two alkaloids, strych¬ 
nine (CojH^NnOo) and the less poisonous 
brucine (C 23 H 26 N 2 0.,). These are extracted 
from the seed, although other parts of the 
plant also contain them, in lesser concentra¬ 
tions. 

Seldom are Strychnos plants cultivated. 
The fruits are collected in off hours or off 
seasons by desultory labor, and the seeds 
removed by hand from the bitter pulp of 
the large, orange-like fruit. These seeds are 
washed, thoroughly dried, and then sold to 
small local merchants, who eventually col¬ 
lect a goodly supply which they sell to an 
exporter at a larger market center. Eventu¬ 
ally the seeds are shipped to extraction fac¬ 
tories in industrialized countries. There the 
seeds are pulverized and subjected to extrac¬ 
tion with boiling sulfuric acid and to expres¬ 
sion. Strychnine, brucine, and other alka¬ 
loids are precipitated out from the solution 
and purified by crystallization in alcohol. 

The Strychnos plants are usually woody 
vines or weak trees of tropical forest regions. 
The leaves are opposite, ovate, and usually 
hirsute; the flowers small; the fruit large 
and indehiscent. Strychnine is not an old 
drug: it was first introduced into Europe in 
the sixteenth century, but was little utilized 
until the nineteenth. Most production today 
comes from the Far East. 

Perhaps the most mysterious use of the 
Strychnos alkaloids is in the compounding 
of curare poisons. These are the resinous 
extracts secretly brewed since antiquity in 
the jungles of South America for tipping 
poison blo w gun darts and arrows. They 


are the feared and silent killers of the South 
American wilderness. In spite of intensive 
research, the exact compounding of curare 
has never been discovered. Many plants 
usually go into the brew—besides Strychnos, 
various Menispermaceae, Leguminosae, and 
the like, and perhaps no two potions are 
exactly identical. They all have in common 
the ability to paralyze man or animal 
wounded by the treated dart. They find 
medicinal use in regulated dosage for the 
relief of muscular spasms. Legend has it 
that in the secret production of curare 
among South American aborigines, certain 
old women skilled in the art were shut up 
in a house with the necessary ingredients to 
make the distillation. If, when the brew 
was ready after some two days' time, the 
women were not half dead from noxious 
fumes, the poison was considered inade¬ 
quate and the women severely punished. 

Humboldt was perhaps the first reliable 
European eyewitness of curare prepara¬ 
tion. • He reports that the bark of the liana 
"bejuco de mavacure,” probably Strychnos, 
was reduced to fine shreds and used to make 
an infusion that was in turn concentrated 
by boiling. This concentrate had a strongly 
bitter taste (curare is reportedly poisonous 
only if it enters the blood stream, and not 
dangerous when taken orally). The brew 
was blended with "kiracaguera,” unidenti¬ 
fied botanically, to add body. With further 
boiling a black, tar-like substance resulted, 
easily applied to arrows and darts. It was 
said by Indians surviving battle wounds 
from poison darts that the curare caused 
“congestion of the head,” "raving thirst," 
protracted nausea, and numbness about 
the wound. Of course many other plants 
besides Strychnos have been used in various 
parts of the world for arrow poisons, in¬ 
cluding lethal bacteria from certain swamp¬ 
lands (the first bacterial warfare), Amor 
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Blow guns, poisoned arrows, and curare pots. Rio Vaupcs, Colombia. (Courtesy 

Paul H. Allen.) 


phophallus, of the Aracene; Anliaris, of the 
Moraceae; many Leguminosae (Abrus pre- 
cat or i us, Denis, Mucuna, and the like); 
Croton and other genera of the Euphor- 
biaceae; and Lophopetalum, of the Celas- 
traceae. 

V. Digitalis. The foxglove, Digitalis pur¬ 
purea, of the Scrophulariaceae, common 
European wild flower and introduced 
ornamental in many parts of the world, 
yields the glycosides digitoxin (C^H^On), 
digitalin (C ;iri H ;m O H ), digitalein, and digi- 
ton, important as heart stimulants and 
diuretics. The species is mentioned in the 
famous herbals, and is known to have been 
used medicinally as early as 1250, although 
precise knowledge concerning its action did 
not come until centuries later. I he plant 
is a beautiful, pubescent, herbaceous bien¬ 


nial or perennial, with condensed basal 
leaves and an erect leafy stem up to 5 ft. 
tall, bearing apically a raceme of large, 
thimble-like, purplish flowers. The small 
seeds germinate with difficulty under ad¬ 
verse conditions; usually they are started 
under glass in February and transplanted 
to fields after danger of frost is past, being 
spaced 1 ft. apart. Flowering does not take 
place until the second year, but leaves to 
yield the drug may be gathered at any time. 
These are dried in the shade, away from 
light and moisture. Yields of up to 600 lbs. 
per acre are reported. The dried leaves are 
pulverized and consumed directly, or the 
active glycosides are solvent-extracted, com¬ 
monly with alcohol (tincture of digitalis). 

The most important effect of digitalis is 
of course its influence on circulation of the 
blood. In proper dosage the interval be- 
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the firM tear. (Courtesy F.tonnmic Hotanv.) 


tween heart contractions is lengthened and 
the contraction is made strong and regular, 
regularizing the pulse and increasing the 
blood pressure. Sufficient digitalis to meet 
medical needs can be grown on a few 
hundred acres, so there is little chance that 
ie industry will become important from the 
Muantnatne standpoint. Average imports 
into the United States before World War II 
did not exceed twenty tons, with the center 
0 P r °ductton in northern Europe 

^marijuana) Hashish or 

c2T t0meS fF5Fr ^nous oil of 
Cajma bn sat IV(f , of ,the Moraceae, a plant 

previously discussed as a source of hemp 

fiber and mentioned as a source of hemp 

and ^nn^^O i ^ 

in e suhsr.n - ( 21 -°° 2) are hallucinat¬ 
ing substances ,n certain combinations 


1,1 ln 8 ,n 8 about cerebral excitation, illusions 
and visions. Resinous hairs on the driec 
flowering top of the female plants are the 
chief source of the oils. These may serve 
medicinally as anodynes or in treatment ol 
nervous disorders. As a narcotic stimulant, 
hashish may be used in several wavs: the 
diied, pulverized product may be smoked, 
orten in combination with tobacco; a bever¬ 
age may be made from the pondered leaves* 
or the "resin” (collected by workers running 
through patches so that the fragments of oil 

‘. "I 8 \° . th 1 C " c,olhi,1 S) may be vaporized 

and inhaled, or eaten. Taken in any of these 

;:; >S * l n y^«iil>ffar.ion emnVivm, ec 
Ntasy^and cnmin al fanaticism Therefore 
s mtuous efforts are being made to curb 

n the U aS ,' n f,‘ eni ' C " ry " SC ""U«™ 
is stid ^ nltetl States, although the practice 

‘° bc con ""™> Asia, where it has 



Marijuana or hemp, Cannabis sativa. (Courtesy 
Chicago Natural History Museum.) 


found favor for two thousand years. Hashish 
is particularly associated with a curious Mo¬ 
hammedan sect, the "hashishins” (whence 
“assassins”), whose avowed religious pur¬ 
pose was to commit murder in order to enter 
paradise, and who used hashish heavily as 
an intoxicant. The sect numbered tens ol 
thousands in Syria and Persia until sup¬ 
pressed by the Tartars in 1256. 


9 . Some other drug plants. 

Aconite, monk's hood, or wolfbane— the herba¬ 
ceous perennial, Aconitum napellus, of the Ra- 
nutuulajceae, yields a famous alkaloidal poison 
used in the treatment of neuralgia and rheuma¬ 
tism. Native to the mountains of Europe and 
western Asia, it has Teen cultivated throughout 
the world as an ornamental and drug plant. 
Production comes chiefly from south central 
Europe. 
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-4/oejiCMUhe juice of which has been used in the 

^ Chica S0 Natural 

^/oe-fresh leaves of several Asiatic, Mediter- 
ranean, and Antillean species of Aloe, Lilliaceae 
mdudmg A. barbadensis and A. chine mis, yi dd 
a gucoskWjuice used to treat burns, par- 
■cularly x-rajr_bu r ns. When evaporated to a 

wiTd ,s f h T’ u finds usc as 3 laxativc - »o.h 
,,d and cultivated plants are used: the fleshy 

leaves are cut and hung with the cut end dowj 

rnuiners 3110 " ** ^ ‘° ** in '° -H* 

powder, ^ fw skjn ^ 
ments, is ohtamed from cavities in the heart- 
'vood of Andvra araroba, of the Leguminosae 
growing wild in Baia, Brazil. ’ 



Betel nuts from the betel palm, Areca catechu. 
(Courtesy Chicago Natural History Museum.) 

Arnica—all plant parts of species of Arnica, of 
the Compositae, particularly A. ,nontan,i. a her¬ 
baceous perennial of the European Alps, find 
use for treating bruises and sprains. The pro¬ 
duction comes chiefly from Europe, but Amer¬ 
ican species may be substituted for European. 

Balm of Gilead -buds of Pofmlus candicans, 

Sahcaceae, of the northeastern United States, 

are used as an ingredient in cough syrups. They 

are collected early i„ spring, before they start 
to open. 

Betel -not strictly a drug; the world’s most 
used masticatory, chewed by Eastern peoples of 
the Indian and Pacific Ocean islands and south- 

\Zm)T Smte anCie,U timCS ' Bctcl contains a 

harmless narcotic which may have some medi¬ 
cinal va ue (for counteracting overaciditv. for 
inpkf. and which produces mild stimulation 

." coll T S , ° Well being - The masticatory 

r £=»“»= 

- - -zsr-'zmx: 
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torated. The saliva and eventually the teeth 
of the addict turn red or brown. To most 
Westerners betel-chewing appears to be a dis¬ 
gusting habit, although it differs little from 
the tobacco-chewing once widespread in the 
United States. Confirmed betel chewers have 
bad teeth, but it is difficult to pin the blame 
for this on betel-chewing, for nutritional defi¬ 
ciencies may equally well be the cause. The 
"makings" for betel-chewing may be bought 
at any market in the East and are carried on 
one’s person, as is tobacco in the Western world. 
Both the Art’ca palm and the betel leaf are 
widely cultivated. 

Burdock— dried roots and seed of the com¬ 
mon, troublesome weeds Arctium lappa and A. 
minus, Composilae, find medicinal use. 

Caapi— the stem of Banisleriopsis caapi. Mal- 
pighiaceae, is boiled to yield a narcotic beverage, 
consumed by Indians of the upper Amazon for 
its hallucinatory effect. It finds particular use 
in the flagellation ceremonies whereby youths 
are ushered into manhood, and doubtless helps 
the initiates withstand the terrible attendant 


fruit pulp of the golden shower or canafistula 
tree. Cassia fistula, Leguminosae, finds use as 
a laxative. 

Cascara, cliittcmbark, bearwood, cascara sag- 
rada. frangula, and Persian bark-ex tract of the 
bark of species of Rharnnus, Rbamnaceae, con¬ 
tains alkaloids, tannins, and other substances 
much used in laxatives. R. purshiana is well 
known in the wild in the western United States, 
and II. frangula is cultivated in southeastern 
Europe and widely exported. Cascara ranks 
first among North American domestic plant 
drugs. As the wild stands become exhausted, 


future production will probably come mostly 
from jtnnual twig-prunings of cultivated trees. 

Chaulmoogra-lhe fruit of the Oriental Ta- 
raktogenos kurzii and Hydnocarpus anthel- 


mintica, Flacourliaceae, yields oils (organic acids) 


formerly used to treat leprosy. 

Colocynt //—dried pulp and seeds from fruits 
of Cilrullus colocynthis, Cucurbitaceae, occur¬ 
ring both wild and cultivated in Asia and 
Africa, yield the well-known cathartic colocynth 


or "bitter apple." 


pain. 

Amanita or fly-agaric— poisonous alkaloids 
from Amanita muscaria, a Basidiomycete fun¬ 
gus; serve as hallucinating narcotics and stimu¬ 
lants similar to marijuana. These are especially 
consumed by Siberian peoples, and it is report¬ 
edly* a common practice lor poorer folk to 
drink the urine of others who have consumed 
fly-agaric. Apparently the intoxicating prop¬ 
erties of the alkaloids are enhanced, if any¬ 
thing, by passage through the kidneys. 

t'rtfflo—the chocolate tree, Theobromo cacao, 
Slerculiaceae, will be discussed in a later chap¬ 
ter devoted to beverage plants. The alkaloid 
theobromine, however, is commercially extracted 
from chocolate tree seed wastes and finds some 
medicinal use as a stimulant. 

Calabar bean- the fruit of the African Phy- 
sostigma venenosum, Leguminosae, yields phy- 
sostigmine, of value in ophthalmology for 
contracting the pupil. The plants are woody 
climbers found in the wild. 

Canafistula- a concentrated extract from the 

•See Norman Taylor. Flight from Reality (New 


Columba- the root of the perennial vine 
Jateorrhiza columba, Menispermaceae, is used 
to prepare tonics and bitters. Production is 
mostly from wild African plants. 

'^Cubebs— the dried fruit of Piper cubeba, 
Piperaceae, in addition to serving as a con¬ 
diment (see page 26‘J), finds use as an anti¬ 
asthmatic. It is cultivated in the East Indies 
and other tropical regions. 

Epheclrine- an alkaloid from stems of Asiatic 
species of Ephedra, Gnelaceae, was much used, 
until the synthetic form was developed, to make 
nasal and bronchial remedies for relieving 
congestion. The plants are xerophytic, leafless 
members of an unusual Gymnosperm order. 

'\Ergot- long before penicillin and the anti¬ 
biotics were known, another important drug 
from fungi was in use-ergot, from the sclerotium 
(spore-producing body) of Claviceps purpuiea, 
a parasite on cereals, particularly rye. The 
sclerotium contains as the chief active in¬ 
gredients ergolinine, ergotoxine, ergotamine 
and histamine. These are very useful in con- 

York: Duell, Sloan and Pierce, 1949). 
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Er^ot developing on domestic rye in Minnesota. 
(Courtesy Economic Botany.) 

trolling hemorrhage after childbirth and in 
treating migraine. The ergot fungus is very 
frequent in the rye fields of western and south¬ 
ern Russia, the Balkans, and the Iberian pen¬ 
insula; world production, amounting to some 
25flai^j)$_anpually, comes largely front naturally 
infected grain fields in these areas. Before ergot 
was well known, many serious epidemics re¬ 
sulted from the consumption of the sderotia 
along with rye grain. The unregulated con¬ 
sumption of ergot can cause severe muscular 
spasms or gangrene. Gruesome tales are related 
of some epidemics of the 1700's. One relates 
that a woman suffering from ergotism in riding 
to a hospital brushed against nearby vegetation 
and caused her gangrenous limb to fall away 
at the knee. Fortunately, regulated dosages of 

C ^t “U* no ill effects and are extremely 
useful to medicine. 7 

gentian b.Uerroot, bittenvort-tht root of 
Germana lutea, Gevlianaceae, found in moun¬ 
tains regions of central and southern Europe 
yields extracts much used in tonics and bitters. 
Production comes chiefly from southern Eu- 

rope an d lmports in(0 ^ Unjted ^ ^ 

^significant two or three hundred tons annually 

cin^T^ 0 " 6 ° f thC m ° U intere sting medi- 
al plants is g.nseng, from Panax quinque - 

°! the Araliacea ‘> native to the shady 
hardwood for ikk nf 1 ^ 

States Th, fl northeastern United 


Ginseng, P„„« quinquefolhm, the root of which 
curative no V Chil,csc “ P«“» exiraordinar, 

uZi 0 1 “ y Cbiae ° Na,un " Hisu »> 

extrao'dinaty power, for curing ,11 disease, 
a though U ie specie, is Uttle used iu the UniKd 

sl The morc d «lr •!'= thick, spindle- 
Shaped root stntulates the human torn the more 
taluable the Chinese consider it. Well fonned 
roots are literally worth their weight in gold 
Rooh are ually collected from the wild in 
te Untied States by itinerant herb-hunters and 
exported to China, Numerous attempts at “ 

"»de but with h,different 
economte success, since the plan, is slow-growing 

("yean from seed, and subject disease 
'Goldenseal—the roots and rhizome of He 

s?H= £ 
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The roots yield alkaloids for tonic purposes 
and treatment of inflamed mucous membranes. 

Hellebore—t\m name denotes alkaloids from 
species of Veratrum, Eiliaceac, sometimes used 
in treatment of neuralgia, or to glucosides from 
the roots of Helleborus niger, Ranuculaceae, 
used as a purgative. 

Alenbane— vegetative parts of various species 
of Hyoscyamus, particularly H. muticus or H. 
nign . of the Solanaceae, yield hyoscyamine and 
scopolamine (hyoscine), alkaloids similar to 
atropine from the belladonna plant, used in 
'twilight sleep” in childbirth. Henbane is also 
used as a poison; and it is sometimes smoked for 
its intoxicating effect. The plant is a biennial, 
but when cultivated and harvested as an annual 
it may give yields of better than a ton per acre. 
Production comes chiefly from Egypt, Russia, 
and Hungary; and imports to the United States 
amount to about fifty tons annually. 

ipecac or ipecacuana— the rhizome and roots 
of Ccphaelis ipecacuana and C. acuminata, 
Rubiaceae, herbaceous perennials of Central 
and South America, yield alkaloidal extracts 
useful as amoebicides and emetics. Production 
comes almost entirely from wild plants of the 
rain forests, although experimental moves to 
cultivate this important drug plant have been 
made. 

Jaborandi— leaves of Pilocarpus jaborandi and 
other species of the Rutaccae of tropical America 
contain alkaloids useful for inducing physio¬ 
logical actions opposite to those induced by 
atropine. 

Jala pa— the root of the perennial herbaceous 
vine Ipomoea purga (Exogonium jalapa ), Con- 
volvulaceac, native to Mexico and cultivated 
in India and elsewhere, yields a laxative, one 
of the active ingredients of which is resinous. 

^fimson weed, devil’s trumpet, etc.— species of 
Datura, of the Solanaceae, yield from the seed, 
flowers, and foliage several alkaloids, including 
scopolamine (hyoscine), hyoscyamine, and at¬ 
ropine. The drug stramonium from Datura, is 
one of the favorite sources of “knockout drops. 
Medicinally it may be used to relieve asthma 
and treat bronchial complaints, or externally as 
an ointment. Scopolamine, of course, finds use 
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Henbane, llxoscyamus niger, source of important 
medicinal alkaloids. This specimen is two years old. 
(Courtesy Economic Botany.) 

of roots annually. Propagation is by seed, divi¬ 
sion of root stock, or buds from larger roots. 
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as a preanesthetic in childbirth and surgery, 
and in ophthalmology. D. stramonium is rec¬ 
ognized in the United States pharmacopoeia, but 
the Mexican D. innoxia is reported to be a still 
better source of scopolamine. Both species may 
be cultivated by mechanical means, with drill 
sowing in April to May and mowing before 
frost. The parts are pulverized and the alkaloids 
solvent-extracted. 

Kavakava-a beverage prepared from the 
masticated roots of Piper methyslirum, Pipe- 
raceae, widely grown in the Pacific islands; it 
is an integral part of the religious and social life 
there. 

Krameria or rhatany-ihe dried root of Kra- 
meria triandra and other species, Leguminosae, 
from South America, finds medicinal use for 
its astringent properties. 

ticonce -the dried rhizome and root of die 
Middle Eastern Glycyrrhiza glabra, Legumi- 
nosac, finds use as a demulcent and expectorant, 
although it is perhaps better known as a 
tobacco and confection flavor. The United 
States imports about 30,000 tons annually 
mostly from the Near East. 

Llly °f the valley -rhizomes and roots of 
Convallana ma j a l is , Liliaceae, yield a cardiac 
stimulant and diuretic similar to digitalis. 

^Lobelia—the dried foliage of the North Amen- 
Z LobeUa mflala, Lobeliaceae, contains poi- 
sonous alkaloids used as an antispasmodic and 

emetic In cultivation the plants are mowed 
when in full flower. 

^landrake-tht root of Mandragora officina- 
*',°f *** Solanaceae, has been a ffrnous 
emedy and pain-killer since Biblical times 
Under the "doctrine of signatures” it was be 
taved to resemble the human ^ 

1ft! i • ' ^ le P ant con tains several alka 

taf 8 -a 



*»«* «l mescal 
containing powerful narcotic alkaloid,. 
(Courtesy Economic Roiany.) 

■ May apple -roots and rhizomes of Podophyl- 
lum peltatum, of the Berberidaceae, yield 
podophylhn, experimentally used in recent 
years in treatment of paralysis. May apple, or 
mandrake as it is sometimes incorrectly called, 
has long been esteemed by certain rural folk of 

l:::r united - - ««* and 


O/olmqui—seeds and sometimes other parts 
of the plant of R ma cor/mbosa, Comolvula- 

“T? MeSiC °’ “ mai " 

lUotds and glucosides that were mud, used 

y Artec as an euphoric and still find some 
use as a reputed pain-killer. 

Peyote P', 0 ", or mere, buUons-Lobho. 
phoro mlhamm. of the Cnrteeue, i, a small 
catrotdtke. spineless cactus of the southwestern 

naTe itT?"' 1 Mc,iico ttat contai “ Wluci- 
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A mature Red Squill bulb, grown in a flower pot. 

(Courtesy Economic Botany) 

Pituri —vegetative parts of Duboisia hop- 
woodii, Solanaceae, are chewed and smoked by 
Australian natives for the hallucinating, nar¬ 
cotic effects. 

Poison hemlock -tire foliage of Conium macu- 
laturn, of the Umbelliferae, yields the famous 
alkaloidal poison drunk by Socrates, ft causes 
paralysis, convulsions, and eventual death. It 
may Ire used medicinally as a sedative. 

Pomegranate -the bark from stem and root 


of Punica granatum, Punicaceae, cultivated 
particularly in Asia and the Mediterranean 
area, has served since time immemorial as a 
vermifuge. 

Ouassta-Jamaican quassia comes from Pic- 
raena (picrasma) excelsa, and Surinam quassia 
from Quassia amara, froth of the Simarubaceae. 
A bitter extract is made from the'wood and 
used as a bitter tonic, pinworm remedy, and 
insecticide. 

* Saffron, meadow —the corm of Colchicum 
autumnale, Liliaceae, yields the alkaloid colchi¬ 
cine, once used to treat rheumatism and gout 
but today most useful as a research tool for 
doubling chromosome numbers. 

Scammony, Mexican —dried roots of Ipomoea 
orizabensis, Convolvulaceae, yield a cathartic. 

Senega, snakeroot, or milkwort —dried roots 
of Polygala senega, Polygalaceac, sometimes find 
use as an emetic and stimulant. 

Retina— sun-dried leaves of Cassia senna and 
C. angustifolia, Leguminosae, find wide use as 
a cathartic. Production comes largely from cul¬ 
tivated trees grown in southern India. 

Soapbark —the inner bark of Quillaja sapo- 
naria, Rosaceae, contains water-soluble gluco- 
sides (saponins) which give copious lather in 
water. Consequently it has been used in un¬ 
developed regions for laundering purposes, and 
in industrial areas in fire-extinguishing solutions. 
In medicine it finds use as an emulsifier, expec¬ 
torant, and cutaneous stimulant, but is toxic 
when taken in quantity, dissolving the blood 
cells; hence its use in beverages (to increase 
their effervescence) is discouraged. Most produc¬ 
tion comes from wild plants of the Chilean 
Andes. Other saponin-yielding plants are soap- 
wort or bouncing Bet, Saponaria officinalis, 
Caryophyllaceae; soapberry, Sapindus saponaria, 
Sapindaceae; and soaproot, Chlorogalum pome- 
ridianum, Liliaceae. 

^quills or sea onion-Urginea mantima, a 
bulbous plant of the Liliaceae found in the 
Mediterranean area, finds use as a diuretic an 
heart stimulant (white variety), and perhaps 
more notably as a raticide (red variety). Mature 
bulbs take five to six years if grown from seed 
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or four to five years from bulblets. Production 
comes almost entirely from wild sources. The 

j 

bulbs are collected by hand and cut and dried 
before they are marketed. 

'*4trb*phanthus—the seeds of the tropical African 
vines Strophanthus hispidus and S. kombe , 
Apo cyiKuea e, yield alkaloids useful as a heart 
stimulant. In Africa they have also served as 

4 

arrow poisons. Production is entirely from wild 
sources. Recently much lias been heard of S. 
sarmentosus as a source of cortisone, a drug 
which has shown promise in the treatment of 
arthritis and rheumatic fever. 

Tamarind—the fruit pulp of the well-known 
tropical fruit tree. Tamarind us indica, Legu- 
minosae, finds medicinal use as a laxative. 

'Valerian or garden heliotrope -rhizomes and 
roots of the European Valeriana officinalis, 
l alerianaceae, yield a supposed nervine, car¬ 
minative, and antispasmodic. 

I housands of additional drug plants are 
recognized in the various pharmacopoeias 
of the world. Obviously it is impossible to 
list all of them here; and indeed many are 
continuously being dropped from succeed¬ 
ing editions of the pharmacopoeias and 
national formularies as new botanicals be¬ 
come recognized. It may be of interest, how- 
to list a few additional genera and 
species, from among the many that might 
be given for the northeastern United States, 
that have served the herb collector as ap¬ 
parently authentic medicinals. These in¬ 
clude (both indigenous and naturalized): 

Acorus calamus; sweet flag; rhizome; carmina- 
tive and stomachic. 

Agropyron repens; rhizome and root; demul- 
cent and diuretic. 

Apocynum cannabinum; Indian hemp- rhi- 
ZOme and cardiac stimulant, diuretic. 

Aralia racemose and A. nudicaulis; wild 
sarsaparilla and American spikenard; aromatic 
roots; sarsaparilla substitute. 

root"™TlT ; Wild ginger: rhiMme ““ 

roots, aromatic bitter and carminative. 


Caulophyllum lhalictroides; blue cohosh; rhi¬ 
zome and roots: antispasmodic and enimena- 
gogue. 

Chelidonium majus; celandine; entire plant; 
cathartic, diuretic, etc. 

Chimaphila umbellate; pipsissewa; leaf; diu¬ 
retic. tonic, etc. 

Cimicifuga racemosa: bugbane; rhizome and 
root; antirheumatic, uterine tonic. 

Copt is groenandica; goldthread: entire plant; 
bitter tonic. 

Cypripedium hirsutum and C. pubescent; 
lady’s slipper; rhizome and root; nervine and 
antispasmodic. 

Delphinium ajacis; European larkspur; seed: 
parasiticide. 

Dicentra cucullaria; Dutchman’s breeches; 
tuber; tonic and cutaneous affections. 

Drosera anglica and other species; sundew; 
entire plant; cough remedies, expectorant. 

Dryopteris sp.; male lent; rhizome and stipe; 
vermifuge. 

Eupatorium purpunum and E. perfoliatum; 
Joe Pye weed, boneset, etc.: leaves and flower¬ 
ing tops: astringent. 

Gaultheria procumbens, teaberry; leaves: 
aromatic and astringent. 

Geranium maculatum, cranesbill; rhizome; 
astringent. 

Hypericum perforatum; St.-John’s-wort; entire 
plant; vulnerary. 

Inula helenium; elecampane; rhizome and 
roots; diuretic, expectorant, etc. 

Iris versicolor; blue Hag; rhizome; cathartic, 
diuretic. 

Lycopodium clavatum; dub moss; spores- 
water-repellent and dusting powder. ’ 

Maha sp.; mallow; leaves and flowers; demul- 
cent and emollient. 

bi ^ lyant, ‘ eS tri <° liala > buckbean; leaves; 

MitcheUa repens; partridge berry; entire 
plant; diuretic, astringent, etc. 
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Xepeta cataria: catnip: leaves and flowering 
tops: carminative, etc. 

Rubus s/>.: blackberry and raspberry: bark of 
rhi/ome and root: antidiarrhoetic. 

Rutnex crispus and other species: dock: root: 
purgative and astringent. 

Sanguinaria canadensis; blood root: rhi/ome; 
nauseam expectorant. 

Senccio aureus; ragwort; entire plant; stimu¬ 
lant becoming depressant. 

Solatium dulcamara; bittersweet; twigs and 

stem; sedative, anodyne, narcotic. 

# 

Sytnplocarpus foelidus; skunk cabbage; rhi¬ 
zome and root; antispasmodic, emetic, ointment. 

Taraxacum officinale; dandelion; rhi/ome and 
root; bitter tonic and laxative. 

Trifolium pratense; red clover; inflorescence; 
whooping cough sedative. 

Trillium net I urn; wake robin; rhi/ome and 
root; antispasmodic, emetic, astringent. 

Tussilago farfara; coltsfoot; leaves; demulcent, 
etc. 

Thymus serpyllum; creeping thyme; leaves 
and flowering tops; respiratory remedies. 

Vera I rum viride; American white hellebore; 
rhi/ome and roots; cardiac retardant. 

Verbascum t haps us; mullein; leaves; demul¬ 
cent. emollient. 

Verbena hastata; blue vervain; above-ground 
portion; expectorant and diaphoretic. 

Veronica virginica; veronica; entire plant; 
cathartic and emetic. 

Insecticides 

In the discussion ol drugs it became ap¬ 
parent that innumerable plant species have 
yielded products capable ol exerting some 
physiological influence upon the human 
organism. Would it not be logical there- 
fore to suppose that there are others that 
might affect the life processes of “man's 
greatest enemy,” the insects, even to the 


point of destroying them? Apparently many 
plant extractives of this nature do exist, 
and serve the world as insecticides. R. C. 
Roark, of the U. S. Department of Agri¬ 
culture, states that nearly twelve hundred 
plant species have been reported as having 
insecticidal value. The great majority of 
these are of slight importance, and even the 
better among them tend to be overshadowed 
by the outstanding synthetic insecticides, 
such as DDT, animate, benzene hexachlo- 
ride, chlordane, hexaethyl-tetraphospate, 
and others. Yet the synthetics are not 
enough, for no one insecticide serves all 
purposes, and many are highly specialized 
as to the species of insect controlled. Agri¬ 
culture could ill afford to lose the extractives 
from tobacco (nicotine), pyrethrum, and the 
rotenone plants. Of these, tobacco will be 
dealt with in the last section of this chap¬ 
ter; rotenone and pyrethrum will be dis¬ 
cussed below as exemplifying insecticides of 
botanical origin. At the end of the section 
a partial list of other insecticidal plants will 
be given. 

The demand for botanical insecticides 
bids fair to continue and perhaps increase 
indefinitely. What with world populations 
seemingly destined to outstrip the carrying 
capacity of the land, and modern agricul¬ 
ture's planting immense stands of a single 
crop being conducive to the spread of epi¬ 
demics, the control of insects is becoming 
an increasingly important problem. Par¬ 
ticularly in demand are contact and stomach 
poisons that are not poisonous to man and 
other mammals. But many additional bo¬ 
tanical products find ample use in sprays 
as emulsifiers, adhesives, stabilizers, and 
synergists, in combination with rotenone, 
pyrethrum, or other insecticides. In the un¬ 
ending battle for greater, crop production, 
botanical insecticides have a definite place, 
particularly since there have been hints that 
DDT is not entirely nontoxic to the human 

organism. 
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1. The rotenone insecticides. A mere 
two decades ago the Western Hemisphere 
had heard little of the now famous ro¬ 
tenone save as a mysterious and unidentified 
fish poison or barbasco of the deep jungles 
of South America. There the natives had 
long known the secret of collecting roots 
of certain forest plants and utilizing them 
to “poison” small streams or pools, thereby 
causing the fish to float to the surface, where 
they were easily collected. It was recognized 
that the fish were in no way "poisoned” for 
human consumption by the barbasco, just as 
r otenon e, a contact and stomach poison to 
insects, is in no way detrimental to human 
beings when dusted onto vegetables. For 
so long had the barbasco (also called “cube,” 
in Peru; “limbo," in Brazil; “haiari,” in 
British Guiana; “nekoe,” in Surinam) been 
used by South American aborigines that the 
selected variety commonly planted today is 
reportedly unknown in the wild. This un¬ 
usual plant is ~I- onchocarl)u s nicou, var. 
utilis, of the Leguminosae. It is alitraploid 
(2n = 44), which may partly explain its 
comparative sterility and absence in the 
wild. All other species so far tested have 
shown a 2n = 22 chromosome number. 
Other species and varieties, especially L. 
urucu, grown mostly in Brazil, also contain 
rotenone, but seldom in as high proportion 
as L. nicou utilis. Lonchocarpus is a small 
weak tree with alternate, pinnately com 
pound leaves, racemes of modest papilio 
naceous flowers, and flat, indehiscent fruits 
In the Far East the counterpart of Lon¬ 
chocarpus is Denis (“tuba"), also of the 
Leguminosae. Even the foremost taxono¬ 
mists have been hard put to find any sig¬ 
nificant difference between these two genera 
other than their geographical distribution! 
one being found m the New World and the 
m the Old. Native populations in 
Malaya and the East Indies have for cen- 
nes extracted rotenone from Denis ellip. 

“■ and ,0 a lesSCT “'em from D. make- 



The exposed root system of a Lonchocarpus plant. 
(Courtesy Economic Botany.) 


censis, and were doing this commercially 
before South American peoples marketed 
Lonchocarpus. In recent years good genetic 
stock of Derris has been introduced into 
Porto Rico, where it has been intensively 
and scientifically propagated to yield plants 
to be introduced throughout tropical 
America. Guatemala and Ecuador, where 
mechanized planting programs were much 
encouraged when World War II cut off 
supplies of essential rotenone from the 
Orient, give greatest promise for successful 
New World cropping of this Old World 
plant. (The roots of Denis, however, are 
considerably smaller than those of Lon¬ 
chocarpus, and hence the yields per hectare 
are less.) Before 1930 rotenone was a com¬ 
parative unknown in American agriculture 
but it has since been so widely accepted 
.t imports of crude and pulverized roots 
mto the United States alone amount to 
some six thousand or more tons annually. 

Denis and Lonchocarpus are propagated 
by cuttings, whether grown in local patches 
along the Amazon tributaries or in super¬ 
vised plantations and experiment stations. 
The cuh.vat.on of Lonchocarpus has me, 

* hHle success ou ‘side of its native en- 
uronment, Amazonian Peru and Brazil. 

ere nearly ten thousand hectares are 
evoted t„ the cultivation of this plant. The 

stem" ot 2 P ? Vari “ : a ‘ ° ne extreme ' 
stems of three to six nodes are rooted in 
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Bundles of Lonchocarpus root ready for export. 
Iquitos, Peru. {Courtesy Panamerican Union.) 


nurseries; at the other, they are simply 
thrust at an angle into a stick hole in the 
ground and tapped in with the foot. Plant¬ 
ing is typically on land newly cleared from 
the forest, and without aid of mechanical 
equipment. The “take” is evidently seldom 
less than 50 per cent and under good con¬ 
ditions comes to 80 per cent or more. The 
weak, vine-like shrubs or trees are allowed 
to grow two to three years before uproot¬ 
ing. During this time two or three weedings 
must be performed by hand. The plants 
then constitute a tangle about 8 ft. high. 
The tops are cut away and the roots pried 
loose by the leverage of stout sticks, by 
yanking at the stump, and to a lesser extent 
by digging about the ramifying root system. 
The roots, averaging about 2 lbs. each, are 
washed, cut into convenient lengths, and 
dried. In Peru, production center of the 
Americas, growing is usually a rather care¬ 
less hand-labor process, carried out on pub¬ 
lic domain. During the rust year there is 
interplanting ol lood crops in the barba- 
scales Negotiations for sale are often in- 



Cuttings of Dcrris elliptica ready to be transplanted 
to the fields. (Courtesy Panamerican Union.) 


itiated before the roots are dug, and the 
grower may sell his crop months before 
harvest. Various contracts may be entered 
into for actual digging, and marketing may 
proceed through several intermediaries. 
Newly dug roots contain about 60 per cent 
moisture, but are reduced to about 20 per 
cent moisture content before export. 

Rotenone is typically processed in the con¬ 
suming country, although high labor costs 
and the tropical nature of the plant will 
probably always preclude its being grown 
there. Rotenone occurs as a mixture of six 
crystallizable rotenoids (complex ring com¬ 
pounds) of an oil-like composition, in 
association with other complex organic com¬ 
pounds, various saponins, starch, and tan¬ 
nins. It is largely insoluble in water but 
soluble in oil. The rotenone-bearing resin 
occurs most abundantly in the xylem and 
phloem rays and parenchyma, and in the 
pericycle, and in content ranges from 1 per 
cent to 20 per cent (dry weight) of the root. 
Commercial shipments in the past have 
usually averaged 4 to 6 per cent rotenone 
“resins,” but selected strains being devel¬ 
oped in experiment stations at Belem, 
Brazil, and Tingo Maria, Peru, give promise 
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Pyrethrum, Chrysanthemum cinrrariafolium, the flowers of which arc the source 
of pvig thruni insecti cide. (Courtesy Economic Botany.) 


of ultimately materially raising this average. 
Rotenone preparations may be utilized in 
powdered form (in the United States pul¬ 
verized root in no greater amount than 1 
per cent is mixed with talc or clay), or as 
a spray made from the solvent extract. 

Thus rotenone, first isolated from Denis 
in 1902 and found in Lonchocarpm in 1926, 
has come to have immense practical value. 
For truck and canning crops it may be used 
to control many serious pesTs'without haz-' 
at xl to the cons umed"serves aknTn 177^ 
stoddips, killi ng ticks, lice, fleas, and other 
pestsjyjt hout harming the marnm nk M ex - 
lcan bean beetle, wooly apple aphid, Eu¬ 
ropean corn borer, pea aphid, housefly, 
mosquito, and cockroach, all are combatted 
by rotenone. Before World War II, at least 
50 per cent of all production came from the 
Far East (Denis), but in 1947 almost the 
enure total of nearly 6,000 tons of crude and 
powdered roots imported by the United 


States (% of world production) was New 
World Lone!wear pus, 95 per cent of it from 
Peru. Even this quantity was insufficient to 
supply the demand, a circumstance that 
augurs well for the continuance of the New 
World rotenone industry. 

2. Pyrethrum. Certain daisy-like flowers, 
the p yrethrum daisies, are well known to 
horticulturists as particularly free of insect 
pests. These flowers are species of the genus 
Chr ysanthemu m. Compositae. Serious at¬ 
tempts have been undertaken to breed this 
natuial insecticidal" characteristic into the 


common ornamental ••m ums." The py¬ 
rethrum daisies are perennial herbs with 
dissected leaves, bearing in spring and sum- 
mer about fifteen white to crimson flower 
heads on long, ere ct stems. These flower 
headsTthe mature ovaries especially, are the 
source of commercial pyrethrum. “Persian 
insect powder” is derived from C. coccineum v 

• — , T 
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(C. rosenm) and C. marschallil and the more 
important "Dalmatian powder" comes from 
C. cinerariaefolium, native to southeastern 
Europe and now widely cultivated as an 
insecticide throughout the world, especially 
in Japan and Africa. In the New World 
some is being produced in California and 
other states in this country, and in Brazil. 

Pyrethrum is usually sown in seed beds 
in late summer or early spring, or is prop¬ 
agated by crown separation. In April or 
May the plants may be transferred from 
seed bed to field, being spaced about 2 ft. 
apart. Good drainage and abundant sun 
are required. Usually one season is needed 
for the plants (from seed) to become es¬ 
tablished, after which yields of flower heads 
of -400 or 500 lbs. to the acre can be ex¬ 
pected. In most parts of the world the heads 
are picked by hand when just beginning to 
expand, though in the United States me¬ 
chanical picking has been practiced. The 
heads are sun-dried or are dried under ar¬ 
tificial heat at temperatures of less than 
160° F. to yield up to 3 per cent crude 
pyrethrum insecticide. The active prin¬ 
ciples are pyrethrins, volatile oils, that 
serve as a contact poison and in para¬ 
siticide lotions, and which quickly paralyze 
insects. They may be applied to plants as 
a dust, or in emulsion form in combina¬ 
tion with a suitable emulsifier or spreader. 
During World War II enormous quantities 
of pyrethrum were used in aerosols, es¬ 
pecially to combat mosquito carriers. Like 
rotenone, this insecticide has come into 
wide use only within recent decades, and 
its production is an expanding industry. 
The United States is not nearly self-sufficient 
in this respect, and imports quite a few 
thousand tons of pyrethrum annually ((>,000 
tons in 1941). Production formerly came 
mostly from Japan (some 10,000 tons an¬ 
nually before World War II), but during 
the war years Africa yielded the chief Allied 
supplies (about 9,000 tons yearly). World 


produc tion has since diminished, but Africa 
apparently still ranks first among producers. 

3. Partial listing of other plants capa¬ 
ble of yielding insecticidal substances. 

A morph a frutuosa, Legumimme. Resinous 
pustules ol the pod ol this species contain a 
glycoside called amorphin (C ;{3 H 40 O lf .), which 
acts as a contact and stomachic insecticide and 
as a repellent. 

Anabasis aphylla, Chenopodiaceae. Alkaloids, 
particularly anabasine (an isomer of nicotine) 
can be obtained (rom leaves ol this plant indig¬ 
enous to the steppes of the Caspian region. 
Some years ago the Russians marketed '‘anaba¬ 
sine sulfate/' which is more toxic than nicotine 
to some insects. 

Croton tiglitnn . Euphorbiaceae . The resinous 
oil from seeds of this shrub (sec Oils, page 321) 
has found use by the Chinese as an insecticide. 

Duboisia hopwoodii, Solanaceae. Nornicotinc, 
more toxic to certain insects than nicotine, is 
found in the dried leaves of this Australian 
plant, as well as in various kinds ol tobacco. 

Evonymus europaeus, Cclastraceae . This 
species was the only British plant tested during 
World War II that gave promising insecticidal 
indications. The fruit was used to make a 
solvent extract, but such high concentrations of 
the extract were needed that the plant could 
serve only as an emergency source. 

Haplophyton cirnicirfum, Apocynaceae. The 
dried leaves of this “cockroach plant” of Mexico 
have been used since time immemorial for 
killing (lies, (leas, roaches, lice, and other pests. 
It is used both as stomach and contact poison, 
the crude “alkaloid” reportedly being as toxic 
against certain insects as is pyrethrum. 

Heliopsis longipes, Compositae . Roots of this 
Mexican plant yield an amide (C 14 Ho 3 ON)» 
which has paralyzing action and toxicity on 
certain insects, as have pyrethrins. 

Milletia pachycarpa, Leguminosae. Both seeds 
and root of this Chinese plant yield an insec¬ 
ticide of the rotenone type, although not so 
powerful as that derived from Denis and Loti- 

chocarpus. 
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Phellodendron amurense, Rutaceae. Oil from 
the seed of this East Asiatic tree is as toxic to 
certain insects as is pyrethruni. 

Pin us paluslris, Pinaceae. Pine oil from the 
southeastern United States has been used as an 
insect-repellent. A chlorinated camphcne syn¬ 
thesized from turpentine rivals DDT in insec¬ 
ticidal properties. 

Quassia arnara, Simaroubaceae. The water- 
soluble extract, quassin, from wood of this and 
other Siinaroubaceous trees of tropical Amer¬ 
ica, senes to control some types of aphids. It 
can be absorbed from soil solution by growing 
plants to "immunize” them to certain kinds of 
insect attack. 


Randia dumelorum and R. nilotica, Rubia- 
ceae. The former species is Indian (Ceylon) 
and the latter African. The root of both, when 

powdered, yields a product of some insecticidal 
value. 


Rhodendron molle, Ericaceae. Flowers of this 
Chinese species, when powdered, show mild 
insecticidal effects. 


Ryania speciosa, Flacourtiaceae. Alkaloids 
extracted from the stems and roots of this 
Mexican plant are toxic to many kinds of insects 
and to rats, and have been employed especially 
for control of the European corn borer. 

Schoenocaulon officinale, Liliaceae. Seed of 
tins American plant has served as an insecticide 
since the sixteenth century, mainly for destruc- 
bon of lice. Since 1939 it has been widely sold 
for control of hemipterous insects. The active 
principals are alkaloidal. 


Sesamum indicum, Pedaliaceae. Oil from 
Sesamum seed (see Oils, page 327) is a powerful 
synergist with pyrethrum, and as such was an 
ingredient of World War II aerosol bombs 


Tephrosia, Leguminosae. Selected species of 
this American genus are known to yield rote- 
none, although not in so significant a quantity 
as do Lonchocarpus and Dyris. 


Tnpterygium wilfordii, Celaslraceae. T 
the "Thunder-god Vine,” cultivated in C 
where the pulverized roots are widely use< 
control of insects infesting vegetables. Prt 
Wy le act,ve P nnc *pal is an alkaloid. 


Zanthoxylum clava-herculis, Rutaceae. A sol¬ 
vent extract from the bark of this shrub of the 
southeastern United States is an effective svner- 

4 

gist with pyrethrum. 


Herbicides 

Another of the outstanding but unfore¬ 
seen practical developments in botany, stem¬ 
ming from “pure" research on plant growth 
substances, is the discovery of hormonal 
herbicides. The great utility of these herbi¬ 
cides lies not so much in their ability to 
kill vegetation, for many cheap chemical 
compounds are able to do that, but in their 
selectivity of the plants affected, together 
with their nontoxic effect on animal life. 
1 bus 2-4-D (2-4-dichlorophenoxyacetic acid 
or its salts, esters, and amides) kills most 
dicotyledonous plants but does not affect 
most monocotyledons at the same concentra¬ 
tion. It serves as a convenient lawn spray, 
eliminating dandelions, plantains, and 
many other weeds without injuring die 
grass. Sprayed by plane on wheat fields, the 
extract kills most of the weeds but leaves 
the grain unharmed to give higher yields 
once it is free of competition from weeds. 
Of course there are other uses for growth 
hormones dtan in herbicides. On the posi¬ 
tive side, growth regulators can be used to 
promote rooting of horticultural cuttings 
prevent windfall of apples, and control 

1 tpemng of fruits; on die negative side they 
constitute one of the secret weapons of so- 
called biological warfare, and might be used 
m the face of necessity to help destroy 
enemy food supplies. 

Modern hormonal herbicides such as 

2 , , a , ntl rootin 8 stimulants such as 3- 
mdole butyric acid can now be easily and 
cheaply synthesized in quantity; lhe se sy„. 
hettes mem mention in this chapter 
because them dtscovery hinged upon pre- 
hminary work with natural plant extrac- 

ns- Su ch extractions were juices squeezed 
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from the growing tips ol living plants (oat 


seedlings) which showed marked character¬ 
istics ol promoting growth. The active prin¬ 
ciple was termed auxin, and its subsequent 

chemical identification and synthesis within 

/ 

the last three decades constituted the base- 
work lor the practical discoveries to come. 
These practical discoveries have already 
fathered a conspicuous new industry in 
weed-control sprays and similar hormonal 
substances; but their implications lor bio¬ 
logical warfare leave one aghast at man's 
potential inhumanity to man. The most 
famous example of a hormonal herbicide 
is the quite new 2-4-D. 

2-4-D. 2-1-D has proved to be one of the 
most eHective ol the several growth regu¬ 
lators developed. In its mode ol action it 
oilers an entirely new technique in plant 
control. Before 2-4-D, herbicides relied upon 
caustic or poisoning properties, killing the 
plant tissue. Hormonal herbicides, on the 
other hand, cause the plant treated to “grow 
itsell to death,” in a sense. Respiration and 
other phases ol catabolic metabolism are 
increased, as is usually cell proliferation 
and enlargement in delicate tissues such as 
the cambium. The normal cell arrange¬ 
ments and conductive channels are dis¬ 
rupted and the food reserves exhausted. The 
plant curls and becomes distorted; eventu¬ 
ally, if given sufficient treatment, the whole 
plant dies (not just the parts treated). In¬ 
deed, in 2-4-D and other growth regulators, 
man has begun to find the means for prac¬ 
tical control ol plant behavior other than 
by the tedious process of genetics, in which 
plants are bred to behave according to 
specified patterns. 

Agriculturally or horticulturally 2-4-D 
may be applied in any of several fashions. 
The commonest forms in which it is used 
are as spray or as dust. The acid form ol 
2-4-D is comparatively water insoluble, but 
certain salts and esters are readily soluble 


m water, and usually find use in 2-4-D 
solutions. 2-4-D may be applied directly 
to the vegetative parts of the plants to he 
killed or, in the case of woody plants, to 
wounds opened in the trunk. Valuable new 
techniques are being devised to spray or 
dust soils for weed control, either before 
or alter drilling seed, before seedling emer¬ 
gence, or after seedling emergence (in 
which case protective hoods arc used over 
plants to he saved). With most plants the 
seedling stage is the most susceptible to 
2-4-1), though there also occur, of course, 
genelical, seasonal, and climatic differences 
in susceptibility, so that no general rules 
lor application of any one form of 2-4-D 
can be given. 

2-4-D is made by the chlorination of 
phenol, which yields a mixture of chlorin¬ 
ated compounds Irom which the compound 
with chlorine in the 2-4 position is readily 
separated by distillation. This compound 
is made into the sodium salt and combined 
with diloiacetic acid to give 2-4-D. It is 
thus easily and cheaply made, but has other 
virtues as well. It is without offensive odor 
or caustic and corrosive action; it appears 
to be nontoxic to animals at useful con¬ 
centrations; it is hcibiticlally effective in 
minute quantities (dilutions ol 4 parts in 
a million have been experimentally shown 
to be effective). When first made commer 
daily, in 1945, it cost $125 per lb., but 
within a year its price had dropped to S3 
per lb. 2-4-D has become a byword to the 
home gardener as well as to the professional 
agriculturist or horticulturist, and has even 
proved to have uses other than as a herbi¬ 
cide (viz., in proper concentrations it will 
control pre-harvest dropping of fruit). It 
has also stimulated the investigation of 
similar chemical compounds, giving prom¬ 
ise for the future of the development of 
growth regulators for specific needs and 
specific types of plants. 2-4-D seems to have 
a definite and permanent place m mans 
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campaign to control weeds and increase f 
crop production. 


Tobacco—Insecticide, Medicinal, 
Masticatory, and Fumitory 

One of America’s gifts to the Old World, 
tobacco, was introduced there first for its 
supposed medicinal virtues. In the seven¬ 
teenth and eighteenth centuries it was rec¬ 
ommended as a panacea, reportedly capable 
o[ curing dozens of illnesses inc luding the 
common cold, halitosis, toothache, rheu¬ 
matism, i ndigestio n, blood pobon ing. can¬ 
cer, hydrophob ia, and numerous other ail¬ 
ments. In short order, however, it became 
the world’s foremost fumitory, an d in some 
parts of the globe a masticatory t o rival 
co_ca_and JjeteL Then, as the war agains t 
insectsjo jnsure gre ater~and mor^T^m 
crop production ca ptured world con cern 
tlle al k jdoid nicotine was extract ed. or the 

tobacco—kiLLutself u ' as p owdered, t o yield 

one of the three most important insecticides 
known from plant sources. The versatile 
tobacco, solace to many and object of vitu¬ 
peration from others, became increasingly 
to be grown, for both good and evil: at the 
same time that it helps save crops and gives 
pleasure to millions, it al so destroys the 
wealth of the soil, fouls thlTair 0 ^^- 
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The tobacco plant. (Courtesy Chicago Natural 
History Museum). 


El3C£S< and wastes untold effort that might 

be devoted to more productive use. Cer- 

tainly, tobacco’s importance merits major 

attention in a chapter devoted to extrac¬ 
tives. 

^otisn^hejo bacco g<?WM . Modem 

tobacttrlslai^el^^ t j le 

~^ a r ftfc-SBS. although 

. m " Cfl a PP ears t0 ^ve been the first 

c P a C Botr OCiUCed im ° EUr ° pe fro,n Am ^r- 
2 n - 24 x SP L QeS 3re apparent, y tetraploids 
( )• N. rustica is native to North 

America, where it was much grown by the 
Indians before the arrival S 


N. tabacum appears to have been indige¬ 
nous to tropical America, and so long has 
it been cultivated that it is not known with 
certainty in the wild. Many suppose it to 
be of hybrid origin. These two, of the more 
than fifty species of Nicotiana, yield the 
astounding total of more than 3.5 million 
tons of tobacco leaf, the annual world pro- 
< uction. N. tabacum is cultivated through- 
out t le world; N. rustica to a comparatively 

Near'lias I. 6 " 1 *“ Europe a " d the 

Jhejobacco£lant is a^coarsg, glandular- 
fent pcjeaiual (usually groV^ 

3W1). 'Vithjargs, al ternate leave, , H 

tubi 

JaieE^Stamens are borne on the TSTSuT 
tube, and the many ovules yield nui^T 
minute seed. The leaf is the valuable por 

s"e' u„nTT * ra " k ' harsh O' 1 ” »nd 
“ “ ,s <«™ented, a process of cur- 

mg and agtng practiced for all commercial 
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tobacco leaf to give it a pleasant aroma. 
Selected strains of this once tropical plant 
can be cultivated as annuals as far north as 
60° N. and as far south as 40° S. |North 
America produces about 26 per cent of the 
world's tobacco, South America 5 per cent, 
Europe 18 per cent, Asia 49 per cent, and 
Africa 2 per cent. In quantity the chief 
producing countries are respectively the 
United States (almost a million tons). China 
(about 0.6 million tons) and India ( about 0.4 
million tons). TTflal ' world”production 
reaches about 4 million tons annually.]The 
chief exporting nation is the United States, 
and the main importers are the United 
Kingdom and northern Europe^, ■ 

The alkaloid nicotine (C,„H, 4 N T ._.) i s the 
most characteristic constituent of tobacco, 
although nornicotine (C 0 H l2 No) is more 
abundant in some strains. Nicotine was first 
isolated in 1828. It volatilizes easily with 
steam (heat) to give the characteristic ir¬ 
ritating vapor. It is lethal to most insects as 
a contact poison. Tobacco smoke contains 
the common gases nitrogen, oxygen, and 
car bon di oxide, and in addition small quan¬ 
tities of the poisonous carbon monoxide, 
hydrogen sulfide, hydrocyanic acid, and 
ammonia. Among the liquids and solids in 
tobacco smoke are nicotine and its deriva¬ 
tives; pyridine compounds; resins; essen¬ 
tial oils; methyl alcohol; acetone; formic, 
butyric, and acetic acids; and phenols. 
Nicotine is of course the most important 
physiological factor, being responsible for 
the narcotic and soothing qualities of to¬ 
bacco. Smoking and chewing tobacco 
usually contain 1 to 3 per cent of this alka¬ 
loid. 


Brief history of tobacco use. It is cer¬ 
tain that tobacco was much used and cul¬ 
tivated by the Indians of the Americas 
before the Conquest. It was considered as 
of a semisacred nature. On ceremonial oc¬ 
casions it was smoked, chewed, or taken as 
snuff, often in association with other herbs 
or barks. In 1565 Sir John Hawkins carried 
Florida tobacco to England, but even before 
this the Spanish had introduced cigars made 
of tobacco from the West Indian empire, 
as well as tobacco seed, into southern Eu¬ 
rope, whence the smoking habit spread 
rapidly to the Orient. About 1579, Jean 
Nicot, French ambassador to Portugal in 
whose honor Linnaeus named Nicotiana, 
introduced tobacco to the court of France. 
John Rolfe initiated commercial tobacco 
culture in Virginia in 1612, and thus began 
the ruination of some of the best lands in 
the New World. From then on, growing and 
export of tobacco were to constitute a chief 
means of sustenance lor the colonies, and 
tobacco remained an important item of 
commerce for the new nation that sprang 
from them. 

Of the ways of smoking tobacco, the 
Spanish generally favored the cigar. I he 
English, however, adopted the gentlemanly 
custom of pipe smoking popularized by Sir 
Walter Raleigh. The most elaborate form 
of pipe smoking, too extravagant for Eng¬ 
lish decorum—use of the ornate "hookah 
or water pipe—was widely utilized in the 
Near East. The French were the chief takers 
of tobacco as an inhaled powder, snuff, a 
practice accepted elsewhere in a minoi 
way.* But it was not until western Eu¬ 
ropean armies were introduced to the Iut- 
kish custom of smoking cigarettes duting 


• An 1810 London testimonial to snuff reportedly read as follows: 'Sir I was or. nfll j ib | c and 
so continued up to my seventeenth year; when upon taking one small pmc i o those 0 f 

miraculous regenerating, penetrative sight-perpetrator, my eyes opened, suong ; ^ or sccon d 

Argus. 1 have ever since taken about a pound and three-quarters a day of my in • , he 

parent; am now 96, can read the smallest type without glasses by moonlight and drink barrels 

most potent beverages without the dream of a headache! 
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the Crimean War that cigarettes became 
generally popular and accepted in the West. 
Since that time the cigarette has lar stir- 
passed in favor all other forms of tobacco 
and ranks today as the leading tobacco 
product.fin the United States the ratio of 
the different forms of use is approximately: 
cigarette, 17; pipe tobacco, I: cigars, 3: 
chewing tobacco, 3; snull, 1. Interestingly 
enough, American cigarette manufacturers 
consider it essential to blend domestic to¬ 
bacco with smaller-leaved, untopped, aro¬ 
matic Turkish tobaccos. In recent years 
there have been efforts made to establish 
Turkish or Oriental strains of tobacco in 
the United States. t*. 

Cigarette manufacture follows essentially 
the following procedure. The properly 
aged tobacco goes to a conditioning cham¬ 
ber, where it is uniformly remoistened. It 
is then “stemmed,” the coarse petioles and 
large veins being removed by machine and 
the leaf cut into “strip.” The strip goes 
through an ordering machine, undergoes 
some further aging, and is then ready for 
blending with similarly conditioned Tur¬ 
kish tobaccos. Humectants (moisture-hold¬ 
ing substances) such as glycerine, diethvlene 
glycol, or concentrated apple juice are ap¬ 
plied in the proportion of 2 to 1 per cent 
Flavorings, including sugars, licorice (mostly 
for chew tobacco), coumarin, rum, and the 
like, are also added. Domestic and Turkish 
tobaccos are thoroughly mixed in the ro¬ 
tatory blending drums and sent to the 
high-speed cutting machines lor shredding. 
Shredded tobacco is given a final mixing or 
blending belore passing to the "making 
machine, where the tobacco is mechanically 
rolled in the proper type of cigarette paper. 
The resultant slender strand is cut to the 
proper length and the cigarettes automat¬ 
ically packaged at the rate of thousands 
per minute. The manufacture of cigars, 
chewing tobacco, pipe tobacco, and snull is 
somewhat less elaborate. 


Tob acco culture and curing. Tobacco 
growing, being practiced the world over in 
many climates and on diverse soils by many 
races of men, has naturally become locally 
specialized. Many of the named grades de 
pend upon the local cultivation techniques 
and region where produced for their char¬ 
acteristics. Nevertheless, certain broad prin¬ 
ciples ol tobacco culture apply in all parts 
ol the globe. For one thing, tobacco is 
started in seed beds and transplanted to 
fields as seedlings. T his is necessary because 
ol ftte fineness oT the seed and its inability 
to produce many surviving seedlings in 
competition with weeds or under harsh en¬ 
vironmental conditions. In the southeastern 
United States the see d bed is typica lly pre¬ 
pared by starting a wood lire over the soil, 
thus sterilizing it a g ainst disease. (Tobacco 
is quite susceptible to a wide variety of 
diseases, being in this respect one of the 
"touchiest" ol the important market plants.) 
This burning also eliminates weeds and 
supplies potash and other fertilizing ele¬ 
ments from the wood ash. In permanent 
seetl beds, as commonly found in the north¬ 
eastern United States, steam sterilization 
with special piping apparatus is usually 
employed. In either case the seed bed should 
be so situated as to obtain early spring 
sunlight and warmth, and should be amply 
supplied with water. 

| Fhe minute seeds are mixed with sieved 
soil or sand and then broadcast in the seed 
beds. Glass or cloth covers are provided to 
give protection, conserving heat and mois¬ 
ture. In six to ten weeks the seedlings are 
ready to be transplanted to the fields. A trans¬ 
planting may be done by hand, but in the 
United States is often mechanically ac¬ 
complished by a planter that opens a fur¬ 
row into which the seedling is deposited, 
closes the soil about the seedling, and ap¬ 
plies a measured amount of water, all 
automatically. 

Another requirement for tobacco giou- 
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Tobacco grown under lath shade in Florida. (Courtesy Chicago Natural History 

Museum.) 7 


ing, inasmuch as the plant is a heavy feeder, 
is a well-drained soil rich in potash and 
phosphorus but usually devoid of high con¬ 
centrations of nitrogen. The soil must be 
clean-cultivated, a requirement that causes 
tobacco soils, like those of com, to be sub¬ 
ject to ready erosion. Thus tobacco should 
not be grown on sloping land, and the soil 
should be amply fertilized. 

A general practice in tobacco culture is 
topping. Topping removes the terminal 
growing tip, preventing flowering and seed¬ 
ing and redirecting food that might be so 
consumed into the leaves. In conjunction 
with topping, de-suckering of axillary shoots 
must be practiced, or the foods saved by 
Ae first practice will simply g0 into these 

tZt and faH l ° Stimul - 'eaf develop^ 


Harvesting may be accomplished in either 
of two ways. The entire plant may be cut 
and speared on a stick for hanging in the 
curing shed, or the leaves may be picked by 
hand individually as they mature and strung 
in separate bundles over sticks for curing. 
With the former method only a portion of 
the leaves can be at ideal maturity, but die 
labor saving is substantial; in the latter 
case best-quality leaf is obtained but at 
a greater expenditure for labor. Curing is 

systems: air¬ 
curing, flue-curing, or (less common) fire- 

curing. Air-curing is a slow natural process 
o preliminary fermentation in well-ven¬ 
tilated barns, with application of heat 
only under unusual circumstances (viz. wet 
weather). Flue-curing is a quicker femienta- 
U ° n ( usuall >’ m 84 to % hours) in small 
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Curing and storage barn for tobacco. The racks arc moved out of barn to facilitate 
curing and are returned at night or during rain. (Courtesy Economic Botany.) 


barns or sheds with graduated artificial heat 
from carefully regulated furnaces. Fire¬ 
curing involves smoking from slow fires, 
usually without material rise in tempera¬ 
ture. Occasionally sun-curing-drying in the 
open on special scaffolds—is practiced, par¬ 
ticularly in the production of Oriental and 
Turkish tobaccos. During curing, water con¬ 
tent of the tobacco leaf is reduced from 80 
to 20 per cent, with some loss as well of 
dry matter, particularly starch. Therefore 
5 lbs. of fresh leaf is needed to produce 
about 1 lb. of cured tobacco. 

After curing hand-sorting and tying of 
similar grade leaves into "hands” takes 
place. In this form the tobacco is usually 
marketed, either by personal agreement or 
at the now-famous tobacco auctions. There¬ 
after the tobacco is aged, undergoing a more 
complete fermentation that develops the 
final aroma. This fermentation usually takes 
place in large warehouses, with the tobacco 
properly moistened and packed in huge 


hogsheads or other boxings, and may con¬ 
tinue for six months to four years. 

It is not easy to make rhyme or reason 
of the classification of tobacco types: the 
names are based largely on custom. Usually 
broad groupings are made on the basis of 
strain of seed planted, method of curing and 
glowing, locality where produced, color, and 
use to which put. Thus there occur such 
designations as “white burley,” “flue-cured, 
"shade-grown,” “piedmont,” “mahogany, 
“filler,” “cigar wrapper,” and multitudes of 
others. Individual farmers generally distin¬ 
guish between "leaf” and “lugs," the latter 
consisting of leaves from the lower half of 
the plant; there are also many finer designa¬ 
tions. In 1929 the U. S. Department of 
Agriculture established a system of classifica¬ 
tion broken down into classes, types, and 
grade groups. According to this classifica¬ 
tion cigar-binder types are grown in the 
United States primarily in Wisconsin ana 
in the New England area; cigar wrapper 
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types in New England and the Florida- 
Georgia area; cigar-filler types in Pennsyl¬ 
vania and Ohio; Southern Maryland types 
in Maryland; hurley types in Kentucky, 
Tennessee, Missouri, Indiana, and Ohio; 
dark air-cured and fire-cured types in Vir¬ 
ginia and Kentucky; and flue-cured types in 
Georgia, Florida, the Carolinas, and Vir¬ 
ginia. 

Outside of the United States the best- 
known producing countries include: Puerto 
Rico, cigar tobaccos; the Philippines, filler- 
leaf cigar tobacco; Canada, flue-cured to¬ 
baccos; Cuba, outstanding cigar tobaccos; 
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Sumatra, cigar-wrapper leaf; and Greece 
and Turkey. Turkish and Oriental cigarette 

« o 

tobaccos. In each case varying local produc¬ 
tion methods aie iollcnvcd, with hand labor, 
always high in tobacco production, typically 
playing a greater part than in the United 

Slates. In all countries there seems likely 

* 

to be a continued demand lor tobacco, so 
that growing ol the 'weed" will probably 
remain one of man's chief agricultural pur¬ 
suits, particularly for smoking purposes but 
also (especially A', rustka) tor dust and 
solvent extraction to provide insecticides. 


SUGGESTED SUPPLEMENTARY READING 
Garner, W. W., The Production of Tobacco (Philadelphia: Blakiston. 19-18) 



CHAPTER 13 


Vegetable Oils, Fats, And Waxes 


Vegetable oils, fats, and waxes are a 
far more important class of extractions from 
the standpoint of volumes and values than 
the tannins, dyes, essences and flavors, dis¬ 
cussed in previous chapters. The production 
of prominent plant oils is frequently on 
the order of hundreds of thousands and even 
millions of tons annually, and oils, fats, and 
waxes are necessary in one way or another 
to a variety of the great industries of the 
world today. Within the limits of the 
world’s arable lands, plant sources poten¬ 
tially offer almost illimitable supplies of 
these essential items, for oils, fats, and waxes 
are common in many plant parts of many 
plant species, and can be readily produced 
by agricultural means when demand and 
prices make this profitable. Most of the 
oils used today for margarine, paints, soaps, 
linoleum, and similar important products 
come from cultivated plant sources, such as 
soybean, cotton, flax, castor bean, tung, and 
olive. A few important wild plant sources 
still exist in the tropics, notably the various 
oil- and wax-yielding palms. 

Chemically, oils, fats, and waxes are very 
similar. Waxes are fatty acid esters of mono -' 
hydric alcoho ls; oils and fats are the glycer¬ 
ides' (trihydric) of similar organic acids. 
The distinction between oil and fat is 
largely a physical one: fats are solid or semi¬ 
solid at ordinary temperatures whereas oils 


are fluid. Quite obviously an "oil” at one 
climate or season may be a "fat" at another. 
Oils are subdivided on their ability to 
oxidize into a tough film, into nondrying, 
semidrying, or drying^typcs' (Further dis¬ 
cussion of theseTypeTwTTrbe given later in 
the chapter.) All vegetable oils, fats, and 
waxes seem to be synthesized by plants from 
the elementary carbohydrates of photo¬ 
synthesis. 

The utility of oils, fats, and waxes to the 
plant itself is less obscure than in the case 
of tannins, dyes, and essential oils. It is 
well known in plant and animal metabolism 
that fats and oils constitute an abundant 
and convenient reservoir of stored energy. 
Fats and oils are thus found abundantly 
in seeds, which must provide energy for 
early growth of the seedling. Man’s most 
important plant oils come from seeds. 
Waxes are impervious to the passage of 
water, and usually serve plants as a pro¬ 
tective coat (warding off dessication) on the 
surface of leaves or stem. 

In spite of their great importance, how¬ 
ever, the history of man’s association with 
oils, fats, and waxes is far less spectacular 
than in the case of dyes, essences, and 
spices. Oils, fats, and waxes have been in 
use since prehistoric times, but because of 
their abundance, universality, and inter¬ 
changeability, they have been largely taken 
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for granted. Seldom have expeditions 
charted the unknown in their search, or 
have imperialists threatened far corners of 
the globe to secure them. Vegetable oils and 
waxes have attained their greatest impor¬ 
tance in comparatively recent times, with 


■lC. Nondryi n g oi ls -largely glycerides of 
saturated and oleic aci ds, with little or no 
linolic or linolenic acid present, remaining 
jluid lor prolonged periods upon expo sure 
^o ai r, and ha ving a low (less than 100) 
iodine number;* thev are found notablv in 

__ ' V ' 


in tuiiijj<u«iu\ciy icmii nines, wiui louine numocr, iney are tounu notably in 
the development of industrial economies tro pical plan ts. Included are such oils as 
and concentrated, urban populations. There y/fctlm, peanutT olive, casto r, rape, and al- 
is everv indiratmn rhaf nlnnr rule trill nmncl 


a * 

is every indication that plant oils will con¬ 
tinue to play an increasingly important 
part in man’s activities, finding increased 
use in food products, plastics, paints, soaps, 
and manufactures. 


Fats and Oils 


Fats and oils are believed to be formed 
in plants by the synthesi s of fatty acids 
from c arbohydrate s and the combinat ion 
°f tl,ese through enzyma tic actio n with 
gl ycerin to form t riglyceride s. Triglycerides 
are colorless and practically tasteless, so 
that taste or color in an oil is largely due 
to the presence of traces of essential oils 
or pigments. Fats and oils also contain small 
percentages of sterols, phosphatides, leci¬ 
thins, vitamins, and like substances. Most 
fats and oils are unstable and become rancid 
when stored for considerable lengths of 
time, particularly at high temperatures and 
with free access of air. Rancidity is due to 
breakdown of the glycerides into various 
aldehydes, ketones, and the like. Fixed oils, 
m contradistinction to the ethereal or vola¬ 
tile oils discussed in Chapter 11, are divided 
into the three groups mentioned earlier. 

The characteristics of these groups are as 
follows: 


mond. 

t^ji ^Setnidrying oils -i ntermedia te between 
the two other categories, w ithout linolen ic 
jcid but with c onsiderable amoun ts of 
linolic and more saturated acids, diviner 
slowly and at el evated temperatu res, and 
with an io dine number 100-13 0. Included 
in thisjategory are such oils as c ottonse 
sunflgwe^ sesame , croton , and maize. 

, • Drying oils- hi gh in glycerides of tin 

unsaturated type , particularly linol ic aiu 
l inolen ic, but low in oleic compo unds: dry 
ingor abs orbing oxygen read ily from air u 
form an elastic film ; and having a big] 
(more than 130) i odine numbe r. TheseoUs 
are found notably in t emperate pla nts. In 
eluded are such oils as jinseyl . s oybean 
umg, he mpsee d, miff poppy, an d safflow er 

Extraction methods. Oils and fats art 
contained as insoluble droplets or deposit; 
within the cells of plant tissue. They musi 
be freed for use by man by breaking and 
crushing the cells, thus permitting the es 
cape of oil or its dissolution by suitable 
solvents. Most oils are derived from seeds. 
The harvested seeds are thoroughly win¬ 
nowed and freed from remaining impurities 
by screening and passage over magnets. 
Decorticating machines crack the seed coats 


the iodine number the more oxiSn ’ to an daslfc^I '' pr ° pCr,ies ' 50 ,hat die high 

130 ; cottonseed, 108-110; sesame 103-108- ran i *° >bean * 137 “^ 3 ; sunflower, 110-135- corn 11 
cacao butter, 32 - 11 ; palm kernel, 'li^ cLnut g-'lO u PC ? nUt ' 8M00; °>ive, 7 £Nf* pal,„ 51 - 



Pressing olives in North Africa by a primitive means of expression. (Courtesy 

Chicago Natural History Museum.) 


where necessary and remove the husks from 
the kernels, the final separation usually 
being accomplished by air blast or sieving 
or, less frequently, by flotation. The kernels 
are next crushed between millstones or 
rollers, to a varying degree, depending upon 
the seed in question and method to be fol¬ 
lowed in further processing. 

The methods of fixed oil extraction are 
not greatly different from those described 
for essential oils. They involve expression, 
solvent extraction, boiling* or centrifuging, 
or, on an experimental basis, bacterial fer¬ 
mentation. Expression is the most important 
of these methods, and may be of either the 
hot or the cold type. Hot expression is the 
more common, and involves precooking of 
the kernel, usually with steam, to facilitate 


oil flow. Cold expression involves mere 
pressing of the kernel without preliminary 
treatment. In either case the expressed oil 
drains to settling tanks, where the clear oil 
at the top is withdrawn from the “press 
foots.” The withdrawn oil may be passed 
through filter presses, and, if needed, clari¬ 
fied by heating (to coagulate albuminoids, 
for example) or by agitation with caustic 
soda (to saponify free fatty acids). In some 
cases bleaching or deodorization are also 
practiced. The press cake left in the hy¬ 
draulic press or expeller is used in cattle 
feeds, and in some instances is almost as 
important a product as is the expressed oil. 

As in the case of essential oils, solvent 
extraction, the only other important method 
of procuring fixed oils, has been and is 


• Rendering, a boiling process, is the most common means of obtaining^ammal 
is rarely practiced with plant oils, except sometimes in palm oil extraction p 
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becoming increasingly popular. In this 
method particular attention must be paid 
to preliminary grinding, lor quite obviously 
the solvent must have access to all oil¬ 
bearing cells to function economically, and 
yet must not be impeded in flowing by a 
compacted mush of too finely pulverized 
material. A number of solvents can be used, 
including gasoline, benzol, various chlori¬ 
nated ethylenes. and carbon bisulfide. Gaso¬ 
line is perhaps the most favored, because of 


its comparative cheapness and ready avail¬ 
ability. The solvent is usually evaporated 
off at temperatures of (if) 0 to 110° C., leav¬ 
ing as a residue the extracted oil. Many 
different milling procedures and types of 
equipment, which cannot be discussed here, 
are of course available; the latter vary from 
continuous to batch extractors. Solvent ex¬ 
traction is often practiced on the press cake 
remaining after expression, to obtain die 
last small percentage of oil. 


Table 14 

The Seven Most Important Fatty Acids and Their Chemical Formulas* 
Acid 

Laurie . 

Myrisiie 

Palmitic . 

Stearic . 

Oleic . 

Linolic . 

Linolenic . 


Empirical Formula 

Constitutional Formula 

C, 2 H 2 i 0 3 

CH 3 (CH.),„C00H 

C,«H„0, 

CHjiCH-b-COOH 

• CkHkO, 

CH a (CH,),.COOH 

c is h v o 3 

CH,(CH 1 .) 1 „COOH 

Ci>H 34 0, 

CHdCH.^.iCHpCOOH 

. . C.kHjjO- 

CH 3 (CH : ),.(CH),COOH 

CisH^Oj 

CH,(CH,), n (CH) u COOH 


Adapted from Alsbcr fi and Taylor, The Fats and Oils: A General Review (Stanford University Press. ,o:S>. 


Saponification and soap making. Sa¬ 
ponification of fats and oils serves to form 
soaps. It is a hydrolytic action in which the 
triglyceride is split into three fatty acid 
molecules and one molecule of glycerin. 


Combination of the fatty acids with a metal 
yields the soap. Hard soaps are formed with 
sodium, soft soaps with potassium; rarely 
salts of other metals, such as lead (medi¬ 
cinal soaps), zinc (ointment soaps), and 


Table 15 

Fr ” ,U ’" Cy °’ "* S Z n JaM '™r°"‘" Fa «y •<«* i» Several Representative 
_ Vegetable O ils and Two Animal Fats* ^ 

Percentages of Acids 


4 Ui Uf wil 

Laurie 

Myristic 

Palmitic 

Coconut . 

45 

55 

20 

12 

—-- 

Palm kernel 

Beef tallow 

5 

6 

Lard 


2 

a 9 

Olive .. 




Peanut 



*5 

Cottonseed 



9 

Maize .. 



23 

Linseed 



6 

Soybean 


3 

6 

—— *--- 

* AdanfpH fr<sm A 1 «U_ 



n 


Stearic 


3 

4 
25 
*5 

6 


• ^ ,„d Taylor, The Fats and Oits^Tceacral Revinr (Stanford Univrr7 


Oleic 

Linolic 

Linolenic 

6 



10 



44 



5» 

10 


75 

10 


5‘ 

26 


32 

45 


44 

- 4* 



74 

17 

20 


3 


Diversity Press, I9 ,s). 
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aluminum (waterproofing soaps), are uti¬ 
lized. Commercially soaps may be made 
in one operation or in two. In the former 
case the fat or oil is treated with the appro¬ 
priate amount of caustic soda (to make 
soap and glycerin), to which is added com¬ 
mon salt (to form brine), in which soap is 
insoluble. The mixture separates into three 
layers, an upper layer of pure soap, a mid¬ 
dle layer of impure soap, and a lower layer 
ol brine and glycerin. In the two-operation 
method the fat is first chemically separated 
into glycerin and fatty acid; to the latter is 
then added caustic soda to make the soap. 
The number of milligrams of potassium 
hydroxide required to convert 1 gm. of fat 
completely into glycerin and potassium 
soap is known as the saponification num¬ 
ber. It serves particularly as an index of the 
solubility of the soap in water: the higher 
the number the greater the solubility.* 
Soaps are a comparatively recent dis¬ 
covery; they were apparently unknown to 
the ancients. The first deliberate making of 
»oap seems to have been by the Gauls about 
a century after they were conquered by 
Rome. Goat tallow (the fat) was boiled with 
becchwood ashes (the alkali) to make a 
combination pomade and hair dye, which, 
it was soon found, strangely made suds in 
hot water that were capable of cleaning 
skin, clothing, and utensils with a rapidity 
never before known. Later, during the Dark 
Ages, unknown benefactors of the future 
soap industry of southern France discovered 
the advisability of substituting sodium al¬ 
kali for the customary potassium of beech- 
wood ashes and of adding rosin as a hard¬ 
ening ingredient. About this time olive oil 
came to be substituted for goat tallow. But 
soap making remained a home operation 


until well past the middle of the nineteenth 
century. Then discovery of the chemical 
reactions involved in soap making, coupled 
with the modern availability of pure caustic 
soda, paved the way for the tremendous 
commercial enterprise concerned with soap 
making and marketing of today. The by- 
product of soap making, glycerin, has 
proved useful for many industrial purposes 
and essential in war for the making of 
munitions. 

Hydrogenation and cooking fats. One 
ol the tricks chemists have learned to per¬ 
form is to add hydrogen to unsaturated fats 
and oils to bring them to saturation or to 
a higher degree of saturation. This process 
is hydrogenation, by which, for example, 
oleic acid can be changed to stearic acid. 
Unfortunately, chemists cannot quite as 
easily accomplish the reverse trick, whereby 
the more valuable drying oils can be cheaply 
derived from the less valuable nondrying 
types. In hydrogenating unsaturated oils, 
the melting point is typically raised, so that 
oils of one sort become capable of substitu¬ 
tion for others. Thus oils may be inex¬ 
pensively transformed into fats. By this 
means the much used vegetable shortenings 
are made, in great demand by the American 
housewife accustomed to cooking with 
“fats” rather than "oils." Commercial hy¬ 
drogenation is based on the principle of 
adding a catalyst, usually finely divided 
nickel or a nickel compound, to the dry 
oil and heating it in a closed chamber into 
which hydrogen gas is forced under pres¬ 
sure. Later, after the oil attains the desired 
degree of saturation, the nickel is filtered 
from the newly created fat. 


Some comparative saponification numbers arc: coconut: 246-260; palm kcr " el ' J 42 '^ : scrape’ 

.... 190-196; cottonseed, 193-195; linseed, 192-195; soybean, 193; ohve, 185-196; 

I. 170-179. These compare to the saponification numbers of certain animal fats as J 

beef tallow, 193-200; lard. 195. [After Alsbcrg and Taylor, The Fals and Oils, a Gene } 

[Ilford University, Calif.: Stanford University Press, 1928).] 


VEGETABLE OILS, FATS, AND WAXES 


313 


Oil processing and margarine. Dis¬ 
covery of hydrogenation and the techniques 
of refining vegetable oils opened the way 
for the recent rapid rise of the margarine 
industry. Originally, at its invention as 
"synthetic butter" in 1870, margarine was 
a weird mixture of beef fat digested with 
pepsin, plus casein, udder extract, and 
sodium bicarbonate. In the next three dec¬ 
ades certain improvements were made, but 
the big steps forward were Wesson’s dis¬ 
covery of how to remove objectionable taste 
and odor from cottonseed oil and develop¬ 
ment of the ability to hydrogenate this oil 
to semisolid form. A path was then open 
to successful utilization of a number of 
vegetable oils, including coconut, palm, 
cottonseed, and recently die startling soy¬ 
bean. Present-day margarine consists of 
about 80 per cent refined and hydrogenated 
vegetable oil, some 16 per cent cultured 
skim milk, and small amounts of a glycerin 
derivative, lecithin, salt, vitamin A, and 
peihaps benzoate of soda. I he oil mixture 
is emulsified in the skim milk to form the 
characteristic butter-like emulsion. Fortifi¬ 
cation with constant and ample amounts of 
vitamin A makes margarine the nutritional 


made on the same principle. It utilizes a 
fell or burlap backing, oxidized linseed oil, 
ground cork, and sometimes wood flour, 
small proportions of resins, and various 
pigments. In manufacture the linseed oil 
is first oxidized—formerly by letting it drip 
down hanging cloths exposed to air, but 
more recently by agitating the raw oil with 
driers and resins in a large tank into which 
oxygen is forced. The oxidized product is 
cured for a few weeks, then mixed with 
ground cork and pigments and pressed onto 
the burlap or fell backing. The resulting 
sheets, rolled to proper thinness, are finally 
baked in huge stoves for several clays to 
produce the linoleum of commerce. Inlaid 
linoleum may be made by placing pieces 
cut from different-color linoleums in a 
pattern and subjecting the whole unit to 
heat and extreme pressure in order to unite 
the sections on the backing; or it may be 
made by applying pigments through stencils 
to the surface of unfinished linoleum and 
subjecting the sheet to great hydraulic 
pressure. The tough, elastic, and practically 
waterproof qualities of the oxidized linseed 
oil give to linoleum much of its usefulness. 


equal of more expensive butter, but in 
spite of this there is still considerable dis¬ 
criminatory taxation of margarine in the 
United States as a butter “substitute.” 

Oil injinoleum. When forest products 
were discussed, mention was made that cork 
served a basic function in the making of 
linoleum. Equally essential is a drying oil. 
Discovery of how to make linoleum oc¬ 
curred in 1863, when the English inventor 
redertek Walton, meditating over the scum 
from an open paint pot, realized he had in 
it a satisfactory binder for pulverized cork 
until then bound with rubber in an older 
type of floor covering. He named the prod¬ 
uct linoleum from die Latin linum (fl ax) 
and mum (oil). Today linoleum is still 


Oils in the paint indu stry. Like the li 

n oleum ind ustry, the paint industry dc- 

niandT large quantities of~di7m^Th 

linseed being by and large the most used.’ 

Ordinary house paints are simply such oils 

mto which after clarification, coloring pi,. 

ments have been ground. Varnishes are 

generally made from highly refined linseed 

or treated tung oils which bleach at varnish 

cooking temperatures of about 600° F.. and 

to which resins are added (See Turpentine, 

page —3). Enamels utilize these oils or soy- 

bea , n * other oils. Tung and 

ZT 0U ble . nds ha ' e P-’ed extremely 
effective m making enduring paints. Even 

and otb me r h 011 re k *§ eraIors » stoves, 
and odier kitchen appliances consumes im- 

mense amounts of vegetable oils. One for- 
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The castor bean plant, Ricinus communis, source of 
castor oil. which is extensively used in industry. 
(Courtesy Missouri Botanical Garden.) 


mula for a refrigerator finish calls for cook¬ 
ing 200 lbs. of phthalic anhydride with 100 
lbs. of glycerin; 300 lbs. of soybean oil are 
then added. After proper cooking, this 
mixture is dissolved in a solvent and the 
pigment is added; the solution is then 
sprayed on die metal, ready for baking. 

Oils for a multiplicity of minor pur¬ 
poses. As lubricants, vegetable oils have 
been largely replaced by mineral oils from 
petroleum, but they still find special use as 
cylinder lubricants, lubricating greases, and 
cutting oils for machine tools, either alone 
or in mixture with petroleum products. 
Only nondrying oils are suitabie for these 
purposes, for other types, of course, would 
become sticky and gummy. Candle.making 
today, in contrast to the heyday of whaling, 
when spermaceti was abundant, relies 
largely upon tree fatty acids, particularly 



Fruiting branch of the olive. Only a small per¬ 
centage of the flowers develop fruits. (Courtesy 
Economic Botany.) 


stearic and palmitic, which may on occasion 
come from plant sources. Glycerin, derived 
from saponification of vegetable fats and 
oils, serves to make, among other products, 
nitroglycerin, antifreeze, cellophane, plas¬ 
tics, and film. It also finds use as a conveyor 
for sulfa drugs and as a component of cer¬ 
tain pharmaceuticals. Various fat ty aci ds 
and oils are used in making synthetic rub¬ 
ber, buffing compounds, insulation coatings, 
adhesives^plaitics, insecticides; in processing 
leather, rubber, and textiles; and in many 
other ways. 

The Impo rtant Oil Plan ts 

A. flondrying types. Of the several 
score of nondrying oils that have at one 
time or another had greater or lesser com¬ 
mercial value, three or four stand out in 
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Olive producing arca< of (he Mediterranean region. About 99';. of the world's 
olive crop is produced in area shown by map. (Courtesy Economic Botany.) 


importance. These are castor oil. olive oil, 
palm oils, and peanut oil. A discussion of 
these will be followed by a partial listing of 
nondrying plant oils of lesser importance. 

1. Castor Bf.an. One of the world’s im¬ 
portant industrial oils, castor oil, is ob¬ 
tained from the seeds of Ricinus communis, 
of the Euphorbiaceae, a herbaceous shrub 
probably indigenous to Africa and today 
found wild and in cultivation throughout 
the world. The plant is generally treated as 
an annual, and is frequently planted as a 
summer ornamental in temperate regions. 
It attains a height of several meters, has 
coaise stems, large, palmately lobed leaves, 
inconspicuous flowers, and spiny capsules 
containing large, mottled seeds. Oil con - 
tent of the seeds ranges from 35 to 55 per 
cent. Produc tion is chiefly from Brazil. 
India, the Soviet Union, Manchuria, and 
Mexico, where cultivation is usually a local 
amily operation inefficiently carried out. 
World production approaches half a millio n 
Jons annually, with the Uniteefstales as the 
ai'gest importer. Harvest is ordinarily by 
land, and hence production is an enterprise 
of cheap labor areas. Recently, however, 
dwarf strains of castor bean have been bred 


that hold their seeds and are amenable to 
machine harvest. With these, planting, cul¬ 
tivation, and harvest can be adapted to the 
kind of mechanized agriculture that prevails 
in the United States. 

The oil is obtaine d frn.n ih* rh^tly 
by cold expression. Th e press cake left is 
ordinarily ground and subjected to solvent 
extraction. The ultimate residues or extrac¬ 
tions contain a toxic alkaloid, ricin. and are 
not usable as edible oils or stock food 
without further treatment. Castor oil finds 
use as a medicinal and lubricant; in manu¬ 
facture of some soaps, imitation leather, 
linoleum, oil cloth, plastics, flypaper, type¬ 
writer ink, nitrocellulose baking finishes; 
and as an ingredient of nylon. Dehydrated 
castor oil, derived by heating the oil with 
suitable catalysts, serves as a drying oil 
used m mixture with more expensive oils 
in the paint industry. Sulfonated castor oils 
are used as a dyeing aid. particularly with 
alizarin; as a medicinal; and in-finishing 
fabrics and leather. 

2- Olive. The ancient and valuable olive 
oil is obtained from the common olive tree 
Olea europea, of the Oleaceae, of which 
there are hundreds of horticultural varieties. 
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Olives being crushed at an olive oil mill. The revolving concrete wheels grind 
the olives and free the oil. (Courtesy Economic Botany.) 


some developed solely for oil extraction. 
The species is a small everg reen tree native 
to western Asia, extensively grown in the 
Mediterranean basin since the beginning 
of historical times, and more recently in 
Australia, South Africa, Mexico, California, 
and to a slight extent in South America. 
Trees require ten or more years to reach a 
profitable bearing state, and domestic strains 
are frequently grafted onto wild stock in the 
Mediterranean area. Olives grown for oil 
contain 14 to 40 per cent oil. Many olive 
orchards are small, local enterprises, not 
particularly well managed. As a result, 
quality and yields of oil may be something 
less than the maximum because of debility, 
disease, or insect damage. World production 
comes close to a million tons annually, with 
Spain, Italy, Greece, North Africa, and 


Portugal the leading producing centers, and 
several European countries, the United 
States, and Argentina the chief importers. 
Quite obviously olive growing is a long¬ 
term project, and production cannot be in¬ 
creased suddenly with demand, as can be 
done in the case of annual crops. 

Harvest begins in late autumn, just be¬ 
fore the fruit reaches maturity. In harvest¬ 
ing oil olives, a cloth is usually spread 
beneath the trees and the fruits are knocked 
onto it from the trees with poles or rakes. 
Ideally the gathered fruit should be proc¬ 
essed immediately, but this is possible only 
at»the larger, better-equipped mills. Extrac¬ 
tion is principally by expression after the 
olives have been freed of foreign matter. 
Usually two to four pressings are made, the 
first yielding the premier-quality, greenish- 
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Hydraulic pressing of crushed olives 10 remove die oil and water. (Courtesy 

Economic Hold in.) 


yellow "virgin" oil, which can be utilized 
without refining. Equipment and techniques 
vary from the archaic to the most modern, 
but in the more up-to-date mills, the first 
pressing does not crush the seed. After the 
second pressing the cake is solvent-treated, 
or pulverized under water and the last traces 
of oil separated by flotation. Press cake, 
before solvent action, may contain as little 
:,s I per cent to as much as 20 per cent oil. 
Other less-used techniques involve grating 
«»i’ beating followed by centrifuging or roll¬ 
er crushing, with heating of the pomace in 
water. Final residue may be used as a mulch 
m the orchards, as a cattle feed, or even as 
a fuel for the boilers. The expressed oil is 
separated from the aqueous liquor by set¬ 
tling or centrifuging, and is further filtered, 
refined, and blended as needed. Highest- 


grade olive oil finds use primarily as a 
salad or cooking oil; later pressings or sol¬ 
vent-extracted portions are used to make 
soaps. Some oil is used as a lubricant and 
in medic inals. 

3. P.\i m. If under the heading ol palm 
oil is included all oil derived from members 
of the Tahiuiccnc. the palm lamilv. embrac¬ 
ing the coconut (Cocos nucifcra), the Alri- 
can oil palm (Elncis ouimrnsis). the babassu 
and other South American palms (princi- 
P a Hy Orbignya olcilna, (). martiana, Cocos 
corona In, and species of Allalca and Astro- 
any uni), production is equal to all othoi 
sources of nondrying oil combined. Mai keted 
production exceeds two million tons an¬ 
nually; and in many undeveloped tropical 
areas more than half of the total produc tion 
is consumed locally, never reaching the 
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Three-month old coconuts which will ripen in nine 
more months. (Courtesy Economic Botany.) 

market, and thus is not included in the 
statistics o£ annual production. Palms are 
essentially tropical plants, with slender, un¬ 
branched trunks, very large fan-shaped or 
pinnate leaves, large inflorescences of mi¬ 
nute flowers, and enormous bunches of a 
variety of fruits commonly rich in oils. 
Indeed, palms may be considered the most 
important family of plants in the tropical 
economy, yielding not only edible fruits and 
oils but thatching, fuel, construction ma¬ 
terial, fibers, waxes, vegetable ivory, and 
even fish hooks (from trunk spines). One 
might safely say that the palms are to the 
tropics what glasses (including cereals) are 
to temperate localities. 

Yet in spite of their importance, palms 
are by and large infrequently cultivated 
(except as ornamentals in landscaped areas), 
economic reliance usually being placed on 
the ubiquitous wild plants sought out by 
poor and illiterate inhabitants of back¬ 
ward regions. Consequently production of 
oils from palms is apt to be crude and 
wasteful, without proper supervision, effi¬ 
cient machinery, or progressive techniques. 
Many importing countries still ship un¬ 
processed or only partially extracted palm 


nuts to domestic mills for oil extraction. 

Palm oils, in the broad sense, may be 
extracted either from the pericarp (meso- 
carp) or from the endosperm of the seed. 
The oils derived from the first source are 
the “pulp oils,” those from the latter the 
"kernel oils.” In some cases both types are 
derived from the same fruit; in others, a 
palm fruit yields either pulp or kernel oil 
alone. All kernel oils are very similar-high 
in lauric acid and with high saponification 
numbers. Examples are the commercial 
“coconut oil” and “palm kernel oil.” These 
find greatest use in the making of soaps 
(more than a quarter of a million tons are 
used annually for this purpose in the 
United States alone), and yield glycerin as 
a by-product. Pulp oils vary, in some cases 
resembling kernel oil and in others olive 
oil. Oil palm pulp oil plays an important 
role in the manufacture of tin plate (the 
clean metal surface is protected with oil 
before application of the plating) and of 
candles. Various oils from palms are used 
in food delicacies, margarines, lubricants, 
fuel, cosmetics, and dentifrices; the press 
cake serves as stock feed, fertilizer, and fuel. 

Most palm fruits are simply picked from 
the ground where they fall when ripe. 
Babassu palms in the state of Maranhao, 
Brazil, for example, which are numbered in 
the millions, are a great blessing to the 
indolent inhabitants, who spend an hour 
or two gathering the nuts beneath the palms 
and then many more sitting in the shade, 
after selling the gathered fruit for oil 
extraction at prices sufficient to enable them 
to eke out an existence. But gathering the 
palm fruits only partly solves the problem. ^ 
Cracking the tough husks is even more 
laborious. Only to a limited extent has<j| 
been possible to use machinery to accom- * 
plish cracking and kernel removal, so that 
over much of the tropical world this is still 
a hand operation. 

The world’s most important palm, and 
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Palms seeds for oil. Belem, Brazil. (Courtesy Chicago Natural History Museum.) 


one of man’s first oil plants,* is the coconut. 
It is presumably native to the Old World 
tropics, but has been scattered by sea cur¬ 
rents throughout the coastal areas of all 
oceans. It has, moreover, been widely 
planted within the last century, and most 
production today comes from planted but 
largely untended groves in the Far East. 
The graceful, leaning trees, up to a hundred 
feet tall and with picturesque crowns of 
about twenty pinnate leaves, may in certain 
cases produce three or four hundred coco¬ 
nuts per tree annually, although the average 
may be only one-tenth this much. World 
production, in terms of copra, is about one 
and one-half million tons annually. The 
outer husk of the coconut fruit is removed, 
to be discarded or used as fiber (see Coir] 


page 177), the "shell’’ cracked, and the inner 
"meat” usually smoke- or sundried to yield 
the oily copra of commerce. Splitting of the 
coconuts is either by machine or by hand. 
Copra is hot-expressed, either in the pro¬ 
ducing country or by the importer, to yield 
a coconut oil that is subsequently refined. 
The press cake is sold as stock feed. The 
Philippines and East Indies are the leading 
production centers, the United States the 
biggest importer. Coconut oil ordinarily 
averages about one-fifth of all fats and oils 
entering international trade. 

The fruit of the African oil palm, abun¬ 
dant in the wild in the coastal areas of 
West Africa and cultivated in the Congo, 
East Indies, and tropical America, is like a 
small coconut. The outer husk or pericarp, 
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Husked coconuts being split with a heavy knife for production of copra. After 
four to six days of sun drying, the partly dried meat is removed from the half¬ 
shells with a sharp spoon and dried further. (Courtesy Economic Botany.) 


which is 30 to 70 per cent oil, yields palm 
oil proper; the nut yields the saturated palm 
kernel oil of commerce, which is similar to 
coconut oil. Expression of the kernel is 
seldom carried out in the producing region, 
though the pulp oil has been obtained 
locally by crude boiling in water, usually 
following fermentation in holes in the 
ground. In more progressive, capitalized 
areas there has been a modern trend toward 
steam distillation, followed by centrifuging 
and even hydraulic expression. The kernels, 
after shipment to industrialized consuming 
countries, are either expressed or solvent- 
treated. The largest producing area is Africa 
(Nigeria, in particular); the main importing 
nation Great Britain. World production 
averages better than half a million tons 
annually. 

All in all the palm family, found mostly 
wild in the tropics, and with scores of species 


already utilized for oil production and as 
many more potentially useful but as yet 
untried, will continue to yield sizable 
amounts of commercial oils for decades to 
come. In fact, northern Brazil, the world's 
richest storehouse in quantity and variety 
of palms, has been only partially exploited 
so far for its palm oils. An immense poten¬ 
tial supply of vegetable oils lies there, 
awaiting use by future generations, when 
transportation and labor are brought into 
the interior. 

4. Peanut. The peanut, the seed of 
AmrhiK hvfw pnea. of the Leguminosae, 
probably indigenous to Brazil and today 
cultivated in most tropical, subtropical, and 
even temperate regions, particularly in 
India, China, west Africa, and the south¬ 
eastern United States, contributes about 
one-sixth of the world’s supply of vegetable 
oils. Europe is the chief importing and proc- 
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A peanut plant, Arachis lix/mcnm (Coimcsc Vcmuumr Itolanx.) 


ess ins' region. World production averages 
about ten million tons ol peanuts annually, 
not all ol which are subject to oil extraction, 
however. In recent years the British planned 
to push a gigantic peanut-growing program 
throughout hast Africa, thus bringing one 
of the lew remaining essentially virgin areas 
under the plow and incidentally subjet ting 
it to the ills that always follow such cultiva¬ 
tion-erosion, soil depletion, and exter¬ 
mination of wild life. The projet t. however, 
piovetl somewhat short of a success, causing 

considerable embarrassment to the govern” 
ment in power. 


The peanut, also known as ground t: 
earth nut, goober, or pinder, is one 
nature’s more peculiar plants, in that 
air-borne flowers, after pollination, 
thrust on elongating pedicels beneath 
sod, to mature there into the character!, 
shelled peanut. The plants are branch 
trailing annuals, with cjuadi ifoliol 


leaves, large Stipules, and inconspicuous 
lloweis. A multitude of varieties are grown 
—in the l nited States, piimipally the small- 
podded Spanish variety or the large-podded 
Virginia Runner or Virginia Bunch. Pea¬ 
nuts thrive best in light, sandy soils. I hey 
arc planted, cultivated, and harvested hv 
hand throughout most of the world, but 
handled by machine in the United States. 
Most oil extraction takes place in Europe, 
(hielly with Indian and African peanuts. 
Inn India and other tropical countries are 
coming more and more to establish their 
own extraction mills. In the United States 
only 15 to I’ll per cent of the crop is nor¬ 
mally expressed, depending upon the rela 
me demand lor peanuts in candv. peanut 
butter, and salted or roasted peanuts. Before 
crushing, the nuts arc cleaned and shelled 
by machine. Shelled nuts are .‘hi to la per 
cent oil. The same mills which crush cotton 
seed in the United States can also be used 
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to extract peanut oil. Both hydraulic 
presses and expellers are used. Hot expres¬ 
sion is usually practiced in the United 
States, but both solvent extraction and cold 
expression (followed by hot expression) are 
used to some extent in Europe. 

Peanut oil finds use in margarine and 
shortenings, as a salad or cooking oil, in 
soaps, and for various industrial purposes. 
It is high in oleic, modest in linolic, and 
low in certain other fatty acid components. 
The press cake, rich in protein and con¬ 
taining 6 to 8 per cent oil, is a valuable live¬ 
stock feed. Since the peanut is both a high- 
yielding crop per acre and an annual crop 
adaptable to market fluctuations and agri¬ 
cultural conditions, its future as an im¬ 
portant oil source seems assured. World 
production of peanuts totals about 11 mil¬ 
lion tons annually, largely from India and 
China. 

Other plant sources of nondrying oils. 

Acorn-lxom seed of species of Quercus, Faga- 
ceae; North America. 

Allanblackia-lxom seed of species of Allan- 
blackia, Gutliferae; Africa. 

Almond—horn kernels of bitter and sweet 
almonds, Prunus ainygdalus, Rosaceae; Mediter¬ 
ranean area, California. 

Andiroba or carapa —from seeds of species 
of Carapa, Meliaceae; tropical America and 
West Africa. 


(see Chocolate, page 514), Theobroma cacao, 
Sterculiaceae; world tropics. 

Cashew —from kernels of Anacardium occi- 
dentale, Anacardiaceae; South America, and in¬ 
troduced throughout world tropics. 

Chinese vegetable tallow —from fruit of Stil- 
lingia sebifera, Euphorbiaceae; Far East. 

Chufa —from rhizomes of Cyperus esculentus, 
Cyperaceae; southern Europe, Africa. 

Ergot or secale —from solvent extraction of the 
fungus Claviceps purpurea. 

Flacourliaceae —numerous genera (viz., Hyd- 
nocarpus, Oncoba, Carpotroche, Lindackeria, 
Mayna, etc.) of this family yield useful seed oils, 
including the famous chnulmoogra oil formerly 
used to treat leprosy; world tropics. 

Hazel or filbert —from nuts of Corylus avel- 
lana, Betulaceae; Europe. 

Japan tallow-lrom berries of species of Rhus, 
Anacardiaceae; Orient. 

Kapok—from seed of Ceiba pentandra, Bom- 
bacaceae; Far East and South America. A by¬ 
product of kapok fiber industry. 

Jacassar or kussum-irom seeds of Schleichera 
trijuga, Sapindaceae; Far East. 

Mafura-lxom fruits of Trichilia emetica, 
Meliaceae; East Africa. 

Myristicaceae—lrom seeds and aril of Myris- 
tica fragrans (nutmeg butter) and various species 
of Virola (Ucuhuba butter, Brazil; Ochoco but¬ 
ter, West Africa; etc.). 

Pilt nut—from kernels of species of Canarium, 
Burseraceae; Far East. 


/4i/ocado—from fleshy portion of fruit of 
Persea americana, Lauraceae; tropical America. 

Bayberry or myrtle-tallow covering the berry 
of species of Myrica, Myricaceae; North America, 
South America, and South Africa. 

Ben or moringa-hom seeds of Moringa oiei- 
fera, Moringaceae; Mediterranean area (indig¬ 
enous), West Indies. 

Borneo tallow-irom species of several genera 
of die Dipterocarpaceae; Far East. 

• Cacao abutter -from seeds of the cocoa tree 



Sapotaceae -Djave or Adjab butter is from 
kernels of Mimusops djave ; West Africa. Illip£ 
is from species of Bassia, indigenous to India 
Other Sapotaceous trees yield Shea butter (Af¬ 
rica), Ratio oil (Borneo), Phulwara butter (In- 
dia), Siak fat (Malaya) and so on. 

Sawarri or suari, piqui-hom seeds of species 
of Caryocar, Caryocaraceae; South America. 

Teaseed-lxom seed of Thea sasangua, Then- 
ceae; Orient. 


*.. «eea ot Xtmenia a 

Olacaceae; oil from sbuthern India. 
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B. Semidrying types. In the category very important in the production of anti- 
of semidrying vegetable oils there are two biotics, discussed in a previous chapter, 
of first importance, corn (or maize) and The softened grain is then cracked in 
cottonseed oils, and several of lesser but an attrition mill, between paired, revolv- 
still considerable importance (viz., rapeseed, ing, toothed discs, which free the germ. The 
sesame, and sunflower). The newly im- loose, cracked grain is sent to flotation 


portant soybean oil is often considered a 
semidrying type, but in this book it is 
discussed as a drying oil, following Jamie¬ 
son’s classification as given in die reference 
listed at the close of this chapter. Here we 
shall discuss cottonseed and maize oil at 
some length and the others very briefly. 

1. Corn or Maize. Little need be said 
of maize or Indian corn, lea mays, of the 
Gramineae, since its appearance and condi¬ 
tions of growth are familiar to almost 
everyone and since it will be discussed later 


tanks where the oily germ (50 per cent oil) 
is floated off as a layer above the water, 
while the denser endosperm sinks to the 
bottom, to be retrieved and further proc¬ 
essed to yield corn starch. The germ is 
expressed in expellers, or sometimes solvent- 
treated to yield corn oil. This oil, after 
refining, is used principally as a cooking and 
salad oil, and to a minor degree in paints 
and linoleum. In composition it consists 
largely of oleic and linolic glycerides. 

2. Cottonseed. Prior to the American 


as one of die world’s most important food 
plants. Its ancestry is uncertain, but the 
species is believed by many to have origi¬ 
nated in the American tropics. Today it is 
cultivated as an annual crop the w^irld over, 
in the form of innumerable varieties and 
hybrids. It is planted, cultivated, and har¬ 
vested by hand in less progressive tropical 
areas, but by the most efficient mechanical 
means in the North American corn belt. 
Only a small portion of the world’s tremen¬ 
dous corn crop goes into the making of corn 
oil, which is, as a matter of fact, little more 
than an important by-product of the manu¬ 
facture of cornstarch and other corn 
products. 

An individual corn grain, botanically a 
fruit, consists of two parts, the small, oily 
“germ” or embryo, constituting 6 to 13 
per cent of the grain, and the more abun¬ 
dant starchy endosperm. The common mill¬ 
ing method is wet milling: the grain is first 
soaked in a weak sulfurous acid solution 
which swells, and softens it, dissolving out 
certain carbohydrates and proteins. The 
resulting solution is “corn steep liquor,” 


Civil War and the advent of the cottonseed 
oil mill, the seed from cotton,* Gossypium 
sp., of the Malvaceae, was considered of 
little value and was usually thrown away. 
Today such seed, a by-product of the cotton 
fiber industry, is the basis of an oil and stock 
feed industry consuming some 10 to 18 
million tons. Except for some seed reserved 
for planting, usually no more than 20 per 

th™ ° f d he totaI ' cottonseed todav into 

derivat ives, and stock feeds, which often 
approach in value the noer used. No part 
of die cottonseed is waste d. The linters or 
s ^ ort seed tuzz, which cannot be ginned, 
are first removed; they serve as a cellulose 
source (see Rayon, page 111). The hulls as 
well as the linters have recently found use 
in the manufacture of paper or other cellu¬ 
lose derivatives. The hulls, which contain 
considerable potassium, were formerly 
burned and the ash used as fertilizer, but 
more recently have teen recombined with 
the press cake as roughage in stock feeds. 
Extracted proteins can be used to make 
synthetic wool.” Cottonseed consists of 


• For discussion of varieties, cultivation, Westing, and likc , ^ 
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about 55 to 60 per cent hulls and 10 to 45 seed oil industry under consideration in this 
per cent kernels or “meats”. The kernels chapter. Typical quantities of each compo- 
are about 35 per cent oil and 10 per cent nent derived from a ton of cottonseed as 
protein; they are the basis for the cotton- received from the gin are given in Table 16. 

Tabic 16 

Derivatives from 1 Ton of Cottonseed 
as Received from the Gin * 


Linters . no 

Hulls . 514 

Cake or meal . 954 

Crude oil . 303 

Loss in processing . 119 

2,000 


♦After Sheets and Thompson. U. S. Department of Agriculture Farmer's Bulletin 1,179 (1920). 


Cottonseed received at the processing mill 
is first thoroughly cleaned (by screening, 
blowing, passing over magnets). Removal 



Cotton seed after ginning. (Courtesy Chicago Nat¬ 
ural History Museum.) 


of the lint follows, in de-linters which 
operate on the principle of the cotton gin 
but which have finer teeth in their saws. 
The de-linted seeds are machine-cracked, 
much as are corn grains, and the hulls 


largely removed by screening (in shakers) 
and suction. The kernels are roller-crushed, 
then cooked (cooking expels moisture, de¬ 
toxicates the oil and makes it fluid, coagu¬ 
lates albumen) prior to treatment by hot 
expression in hydraulic presses or expellers. 
Sometimes whole (undecorticated) seeds are 
expressed, a procedure that circumvents 
many preliminary steps. Solvent extraction 
is more economical and efficient, however, 
and is becoming increasingly used in the 
United States. Cottonseed oil consists 
chiefly of linolic, oleic, and palmitic glyc¬ 
erides. 

Crude cottonseed oil is ordinarily shipped 
in tank cars to refineries, where the refining 
process follows the usual procedures of 
filtering, saponification of free acids, bleach¬ 
ing, deodorization, and so on. The refined 
oil is used to some extent as a cooking and 
salad oil or for soap, but the greater part 
is today hydrogenated to produce margarine 
and shortenings. Nearly two million tons 
of cottonseed oil are produced annually, 
chiefly by the United States and other cot- 
ton-growing countries, which account for 
about 8 per cent of the total world output 
of oils and fats. World production of cotton¬ 
seed for 1949 was about 14 million tons. 
Utilization is chiefly by the United States 
and the European countries. Annual pro- 
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duction of cottonseed oil is, of course, con¬ 
tingent upon the demand for cotton fiber. 
But demand for oil, linters, press cake, press 
foots, and hulls is today almost becoming 
the “tail that wags the dog.” 

Some other semidrying oils 

Apricot kernel— from Prunu.s armeniaca, Rosa- 
ceae. Apricot pits arc derived in considerable 
quantity from the manufacture of dried apri¬ 
cots; the kernels contain 10 to 15 per cent 
oil, mostly of the oleic type. Cherry (P. cerasus), 
peach (P. persica), and plum (P. domestica) 
yield similar kernel oils. 

Beechnut— from Fagus sylvalica, Fagaceae; ex¬ 
pressed in Europe. 

Brazilnut— from Bertholletia excelsa, Lecythi- 
daceae; expressed in Brazil. 

Citrus-seed— from orange, grapefruit, lemon, 
and lime-seeds. Citrus sp., Rutaceae; at canning 
or juice factories. 

Croton— from Croton tiglium, Euphorbia- 
ceae; southern Asia. 

Pine— from seed of Pinus monophylla and 
other species, Pinaceae; western United States, 
Europe, India. 

Rape-lxom seeds of species of Brassica, Cruci- 
ferae; chief producing areas in order of im¬ 
portance are China, India, and Europe. The 
United States is the chief importer of the oil; 
Japan, Italy, Germany, and Great Britain are 
the chief importers of seed. World production 
of seed is a significant 5 million tons annually, 
most of which is consumed locally. The seeds 
contain 30 to 45 per cent oil, which consists 
largely of glycerides of crude, oleic, and linolic 
acids. The extracted oil is used as an edible 
oil, lubricant, fuel, and in synthetic rubber. 

It is obtained by expression or solvent extrac¬ 
tion. 

Rice-lrom hulls of Oryza saliva, Gramineae; 
expressed and solvent-extracted in Japan. Minor 
quantities of similar grass oils arc obtained 
from rye, oats, millet, and wheat. ^ 

Sesame—from seed of the coarse, herbaceous 
annual Sesamum indicum, Pedaliaceae. This 



A fruiting plant of sesame, Sesamum indicum, 
long a source of edible oil in the orient. (Courtesy 
Economic Botany.) 


oil is also known as benne, tcel, and gingili. 
About one and one-half million tons of seed 
are produced annually, mostly in China and 
India and to a lesser extent Mexico. The 
Mediterranean countr ies. Japan, and the United 
States are the chief importers. The plant, prob¬ 
ably native to Afric a, lias bcen grown for seed 
since ancient times in Asia, for use on bakery 
goods and food delicacies. The seeds contain 
45 to 55 per cent oil. largely oleic and linolic 
glycerides. The oil, extracted by expression, 
serves as a salad or cooking oil; in making 
margarine, shortenings, and soap. Growing and 
harvest are usually accomplished in primitive 
fash,on by hand, the seeds being removed from 
the dried capsules of the cut stalks by shaking, 
eating, or trampling. Steps have been taken to 
inmate a large-scale sesame oil industry in the 
United States, but complete success awaits de¬ 
velopment of strains with nonshattering cap¬ 
sules, adaptable to machine harvest. 
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Sunflower— from seed of Hclianthus anmius, 
Com post tae , in numerous varieties; probably 
indigenous to Mexico, but grown chieHv in 
Russia, the Balkans. Argentina, and to a lim¬ 
ited extent the United States. World production 
of seed amounts to three or four million tons 
annually, less than one-tenth of which is proc¬ 
essed for oil. The seed contains 22 to 32 per 

cent oil. obtained bv either hot or cold ex- 

# 

pression, and used in margarine, salad and 
cooking oils, soaps, lubricants, paints, and the 
treating of wool. The oil is high in oleic and 
linolic components. Sunflower is now Argen¬ 
tina's most important oil seed, its rise in 
importance in that country having been phe¬ 
nomenal. Except in Argentina, where seed is 
crushed to produce oil for export, utilization 
is mostly local. 

Tomato— from waste seed of catsup and soup 
making, from Lycopersicum esculentum, Solatia- 
ceae; chiefly in Italy. 

Utnbelliferae— from seed of various genera of 
this family (parsley, celery, anise, fennel, dill, 
carrot, coriander, cumin, chervil, caraway); sol¬ 
vent-extracted or expressed. 

C. Drying types. Among the drying 
types occur some of the most expensive and 
useful vegetable oils. Major attention will 
be given linseed, soybean, and tung; other 
useful drying oils, some of fair importance 
(viz., oiticica, perilla) will be listed. 

1. Linseed or Flax. The flax plant, 
Linutn usitatissimum, of the Linaceae, was 
discussed in the chapter dealing with fibers 
and so need not be described here. The most 
important growing areas for seed flax, 
source of the world's most important drying 
oil, are the United States, Argentina, Russia, 
Canada, and India. The United States and 
various European countries are the chief 
consumers. Only with the stepped-up pro¬ 
duction during World War II, when many 
new processing factories were established, 
did the United States become self-sufficient. 
It now exports linseed oil. World produc¬ 
tion is about 150 million bushels (nearly 4 


million tons) of seed and 125 thousand tons 
of oil annually. The seed contains 32 to 43 
per cent oil; linolenic, oleic, and linolic 
components predominate. The bulk of the 
production is consumed by the paint and 
varnish, oilcloth and linoleum, printing 
ink. and protective coating industries. The 
oil can also be used in soap and leather 
production, for fuel, and for edible pur¬ 
poses. It may be obtained by either hot or 
cold expression, after the usual preparatory 
cleaning processes. Like cottonseed, flax 
contains a toxic glucoside; this is auto¬ 
matically detoxicated, however, in heating, 
either in hot pressing or in refining. Refined 
linseed oil will keep almost indefinitely in 
sealed containers. The press cake is valuable 
as stock feed. 

2. Soybean. The soybean. Glycine max. 
of the Leguminosae, known in hundreds of 
varieties, is an ancient cultivated plant of 
eastern Asia. Records 5,000 years old men¬ 
tion its cultivation there, but there is no 
record of its first domestication. The soy¬ 
bean was introduced by chance into the 
United States in 1804, but scant attention 
was paid to it until only about a quarter of 
a century ago. It has been used throughout 
the world as pasture, cover crop, green 
manure, for the edible fruit, and recently 
on a large scale for the seed oil and pro¬ 
teinaceous meal cake. In the United States 
its sudden rise from an “unknown” to one 
of the country’s foremost crops has been 
phenomenal, and is chiefly due to its adapt¬ 
ability to the corn-belt agricultural pattern 
and to vigorous research that has dis¬ 
covered hidden values in the bean. In 1928 
production in the United States was 
about 8 million bushels; a decade later 
it had reached more than 200 million 
bushels; and by 1945 soybean oil outranked 
cottonseed oil in importance, to become the 
chief vegetable oil produced in the United 
States, almost equaling the total of all other 
vegetable oils combined. Indeed, the expan- 
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sion of the industry has perhaps been too 
rapid, to judge from some deficits shown 
where processing plants ol ever greater 
capacity have been built one upon the other. 
World production ol soybeans, however, 
centers in Asia, where as much as half a 
billion bushels are produced annually. In 
Manchuria the soybean crop accounts for 
one-quarter ol all farm acreage and one- 
hall of all farm income. A good portion of 
this is consumed locally; most of the re¬ 
mainder is exported to Europe. World pro - 
duction of soybean oil to tals about 200, 
thousand tons, from a portion of the ap¬ 
proximately lfi million ton annu a l crop of 
soybeans. 

About 20 per cent of the soybean is oil; 
30 to 15 per cent is protein. The abundance 
of protein in comparison to oil makes soy¬ 
bean unusually important as a source of 
meal (stock foods, protein derivatives). In 
fact, one of the first prominent industrial 
uses of soybean in the United States was that 

i 

of glues derived from the press cake for 
making water-re sistant plywoo d. About 95 
per cent of soybean cake goes into mim4 
feeds. In southern China and Japan it is 
often used for fertilizin g sug ar cane and 
rice fields. The first "order of business in 
chemurgic utilization of soybeans, however, 
is to ex tract the oil-and 20 thousan d tank 
cars of oil are extracted in the United States 
annually. T he oil consists largely of li nolic 
and oleic components. It is used as a~~salad 
and cooking oil, hydrogenated to become 
margarine or shortening, or consumed in 
minor quantities for industrial purposes 
(paint, linoleum, putty, caulk, foundation 
cores, lubricants, printing ink, insecticides, 
waterproofings, soap, and the like). Frac- 
tionation of soybean oil has yielded, 
cheaply, separate components that have 
significant potentialities for a long list of 
chemical derivatives such as synthetic resins 
and plastics. 

Soybean oil is extracted by both primitive 


and progressive methods. Some modern 
crushing mills and a few solvent-extraction 
plants are operated in Manchuria; in 
Europe there are many of the latter, in the 
United States many of the former, but the 
increasing tendency is to use solvent ex¬ 
traction. Expression yields about 300 lbs. of 
oil from a ton of beans; solvent extraction 
about 350 lbs. 

Cultivated soybeans are erect annuals up 
to about 3 ft. tall. The leaves are trifoliolate, 
and the rather small flowers are borne in 
clusters of a few. Pods are hairy, a few 
inches long, and contain two to four seeds, 
ol a diversity of colors. Some varieties 
mature early; others require 150 days or 
more. Yields are reported to be about 20 
bu. per acre. Soil and climate requirements 
are about the same as for corn, the plants 
being rather heavy leeders and responding 
well to good soil. There is some fear today 
that valuable Illinois lands are being unduly 
eroded by concentrated soybean growing, 
which loosens the soil without leaving a 
protective vegetative cover through most of 
the year after harvest. Soybeans are usually 
planted in rows in clean, plowed, and disked 
seedbeds by means of drills or corn planters. 
One or two cultivations for weed control 
are performed. Harvest in the United States 
is mostly by combine; in much of Asia, how¬ 
ever, it, like planting, is a hand operation. 

Soybeans have a tendency to shatter in 
harvest, but intensive breeding of superior 
varieties and use of die combine for harvest¬ 
ing have largely overcome this difficulty. 
Such agricultural and technological ad¬ 
vances have enabled the soybean to compete 
successfully in this country, but from now 
on there is little likelihood that applied 
research will benefit any one crop more 
than another. Probably the peak of soy¬ 
bean popularity has been reached and pro¬ 
duction will now level off as the soybean 
finds its permanent place in the American 
agricultural economy. 
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3. Tung. Tung or China-wood, Aleurites 
fordii, of the Euphorbiaceae, is another im¬ 
port from China, brought to the United 
States in 1905, which has attained sudden 
importance, though not rivaling the soybean 
in this respect. Four other species of Aleu¬ 
rites are known, but lack the commercial 
usefulness of A. fordii, a species more resis¬ 
tant to lower winter temperatures and 
spring frosts. Tung oil h as been prod uced 
in China for many centuries, and is still 
extracted there in large quantities by age- 
old, crude methods. It is used locally as a 
w aterproofing and protective coat i ng, an d to 
make caulk, ink, and certain medicinal . 
Production in China is an uncertain 150 
thousand tons a year. The United States is 
the second largest producer, though it pro¬ 
duces a mere several thousand tons annu¬ 
ally, from a Gulf Coast strip, about 100 
miles wide, extending from Florida to 
Texas. War and strife in China have made 
production undependable, and, indeed, 
haphazard harvesting, largely from un¬ 
tended semiwild trees along roads and 
about fields, has never been conducive to 
steady tung supplies or cheap prices, factors 
that might have made tung the world’s 
foremost drying oil. In addition to the 
United States, countries into which tung 
has been introduced include South Amer¬ 
ica, the Soviet Union, and Africa; and pro¬ 
duction from these areas can be expected 
to increase as the trees mature. The United 
States is today the world’s largest consumer 
of commercial tung oil, and Europe is the 
second largest. 

1 ung is a deciduous tree, but even so it 
demands moderately warm winter climates, 
without prolonged or late freezing. It grows 
to heights of 40 ft., and has large, more or 
jess cordate and often somewhat lobed 
leaves. Flowers are monoecious, with many 
male and one to a few female blossoms in 
the same inflorescence. They form in spring 
just before leafing, at which time they are 



A type of orchard bin for storing tung fruits. (Cour¬ 
tesy Economic Botany.) 


quite susceptible to frost. The apple-shaped 
fruit matures in early autumn, and con¬ 
tains three to seven seeds surrounded by an 
outer husk. In China the fallen fruits are 
left to decay until the husk can be easily 
removed. The seeds are roasted and then 
ground in hand-grinders. The meal so pro¬ 
duced is moistened, steamed, mixed with 
straw, and expressed in crude, wooden, 
wedge-driven presses. 

In the United States mature fruits are 
gathered by hand from beneath the trees 
where they had been left to dry for a few 
weeks. 1 hey are loosely packed in ventilated 
sheds to facilitate further drying, and then 
are sent to the mill for mechanical decorti¬ 
cating, grinding, expression, and filtering. 
The first tung extraction mill in the United 
States was built in Florida in 1928, and 
there are now a number along the Gulf 
Coast, capable of handling all domestic 
production. Because of the precision meth- 
ods used in its production, American tung 
oil sells at a premium over imported 
Chinese oil. Tung fruits yield about 16 
per cent oil, the composition of which is 
largely elaeostearic, with some linolic and 
oletc glycerides. The cake can be solvent- 
treated to recover much of the residual 6 
per cent oil. Cake and hulls are returned 
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to the orchards as fertilizers. Tung oil 
goes mostly into paints and varnishes, but 
also finds use in the manufacture of lino¬ 
leum, oilcloth, waterproofing of textiles, 
printing ink. and electrical insulation. 

Propagation ol lung may he by seed or 
by cutting and budding. Seed or one-year- 
old seedling trees from the nursery are set 
out in typical orchard fashion, spaced 15 
to 30 ft. apart. Successful tung growing in 
this country requires good air and good 
soil drainage. Considerable labor is neces¬ 
sary to keep down competing vegetation 
about the seedlings. Some pruning or train¬ 
ing may be practiced to present branch 
breakage under heavy crops ol fruit. l ung 
trees should be fertilized to assure produc¬ 
tive crops, a commercial fertilizer ordinarily 
being needed in addition to waste hulls and 
press cake. 

Partial listing of other drying oils. 

Candlenut—name for Aleurites moluccana, 
Euphorbiaceae, one of the tung oils (which 
sec). Other species of Aleurites arc known as 
Abrasin, Japanese tung. and Bagilumbang. 

Cedar m//-from Pm us cemba, Pinaceae; Alps 
to Siberia. 

Euphorbia—Ixom several species of Euphor¬ 
bia, Euphorbiaceae; Europe. 

Grape-seed—irom expression of seeds of Vitis 
vinifera, Vitaceae; a by-product of the wine and 
raisin industries; Europe. Argentina. North 
Africa. California. 

Hemp-seed -from Cannabis saliva, Moraceae; 
particularly Asia and Europe; used as edible 
and paint oil. 

Lallemanlia-ixom Lallemanlia iberica, Labi- 
atae; southeastern Europe and central Asia. 

Mercuriales -from a few species of Mercuri- 
alis, Euphorbiaceae; Europe. 

Niger-seed -from Gunota abyssinica, Com¬ 
posite; Africa, India. Cold- or hot-pressed for 
edible oil, soaps, illuminant. 


Oiticica —important oil from seed of Licania 
rigid a, Rosaceae; Brazil. A significant industry 
lias been built up around procurement of this 
seed in arid northeastern Brazil. The seed, from 
a semi-evergreen wild tree, contains 55 to 62 
per cent oil. A single seed a few centimeters 
long is enclosed in a friable husk. Seeds are 
usually collected from December to April. The 
oil is extracted in hydraulic presses or expel¬ 
lees. or in some instances bv solvent extraction. 

0 

It is a strong drying oil. solidifying completely 
on exposure to sunlight or air. A number of 
mills in Brazil produce up to 25.000 tons of the 
oil annually. It has many industrial uses, par¬ 
ticularly for paints, linoleum, printing inks, 
moisture-proofing, auto brakebands, pressed* 
fiber boards, metallic soaps, and certain rubber 
products. 

Perilla —an important oil. rivaling tung. from 
seeds of Perilla frutescens and its varieties, La- 
biatae; northern India, China. Japan, Soviet 
Union. The plant is a branched annual. 3 to 
5 ft. high. Seed yields up to 1.500 lbs. per acre 
have been obtained. Difficulty is encountered 
in harvesting the seed, which tends to drop 
quickly upon ripening and docs not all ripen 
at the same time. Oil content of the seed 
averages about 38 per cent, and is mostly of 
linolic and linolenic composition. The oil is 
extracted by expression or solvent action, usually 
from roasted seed. It is used as an edible oil 
and for oiling paper in Asia; and for paints, 
varnishes, printer’s ink. linoleum, and water¬ 
proofing. World production amounts at times 
to 200 thousand tons, almost entirely from 
Asia. Japan and the United States are the larg¬ 
est importers. 

Po/f—from Carthamus oryacantha , Compo - 
sitae; India. 

Poppyseed -from Papaver somniferum, Papa • 
veraceae; Europe. Asia, and elsewhere. Seeds of 
the opium poppy contain up to 50 per cent oil. 
They are usually cold- or hot-expressed. 

Rubber-seed —from Hevea brasiliensis, Eu¬ 
phorbiaceae, the Para rubber tree, grown 
throughout the world tropics (see Rubber, page 
185). The oil is extracted by expression or sol¬ 
vent action, and is used chiefly for soap and 


VEGETABLE OILS, FATS, AND WAXES 


333 


Safflower— from Carthamus tincloria, Com- 
positae. The seed contains 26 to 37 per cent 
oil, 15 to 22 per cent protein, and 35 to 52 per 
cent hull. (See Dyes and Essences, page 244, for 
discussion of plant.) In the United States some 
15,000 acres have been planted to safflower, 
source of a new oil industry, in competition 
with flax. Yields are commonly half a ton per 
acre when harvested by combine. 

Squash —the seeds of wild gourds of the 
southwestern United States and of various cul¬ 
tivated squashes, Cucurbita spp., Cucurbitaceae, 
extend promise for a large-scale domestic oil 
industry in the United States. Mechanical means 
of harvest and handling are possible, and pre¬ 
liminary investigations indicate possible oil 
yields per acre that would be superior to that 
of any of the common oil plants. Protein yields 
are the equal of those from soybeans. 

Stillingia—lrom expression of kernels of Stil- 
lingia sebifera, Euphorbiaccae: China. 

Tall or tallol —mixtures of fatty and resin 
acids recovered from waste liquors of pinewood 
pulp mills; northern Europe, United States. 

Tobacco-seed—trom Nicotiana tabacum, Sola- 
naceae; Greece. 

Walnut —from Juglans regia, Juglandaceae; 
Europe. 

Waxes 

The history of vegetable waxes, like that 
of spices and dyes, is filled with mystery and 
adventure, for waxes have been largely 
obtained from exotic and distant sources in 
regions little known in the great consuming 
centers. Today, perhaps, vegetable waxes 
play a minor role in world economy in 
comparison to mineral, mammal, insect, 
and synthetic waxes. Yet the king of all 
waxes, c arnauba , one whose composition 
has not yet been completely deciphered by 
the most diligent of chemists, comes from 
a stately palm in the inhospitable climate 
of the northeastern states of Brazil, where 
much of early New World history was 
enacted. The story of die carnauba palm 


speaks of drought, famine, and an arid 
hinterland; of an industry indispensable to 
a tenacious people; and of the finest coat¬ 
ings for the finest furnitures in countries 
where the records of carnauba commerce 
are recorded with carnauba carbons. It is 
not amiss, then, to devote a few paragraphs 
to this important palm wax, and to add a 
few words about some of the other wax 
plants that have served mankind. 

Vegetable waxes, like beeswax-man’s 
first wax and the one used as the standard 
of definition—are, as was previously stated, 
fatty acid esters of monophydroxy alcohols. 
The fatty acids usually have about thirty 
carbons to the chain. Vegetable waxes occur 
in almost all plants in greater or lesser 
abundance, as a protective coating on the 
epidermis to prevent dessication, oxidation, 
and undue abrasion. Commercial prefer¬ 
ence for one over another is largely a ques¬ 
tion of the quantity obtainable. In most 
plants the quantity of wax is small and 
hence cannot be extracted economically. 
On the other hand, the plants that yield the 
most wax usually grow in inhospitable arid 
environments where the heavy wax affords 
needed protection against a climate hostile 
to plant growth. Competition from cheaper 
synthetic and petroleum waxes (paraffin) 
has largely limited use of vegetable waxes 
to a few special types, such as the com¬ 
paratively expensive but unequaled car¬ 
nauba. The total annual production of 
vegetable waxes is only about twenty thou¬ 
sand tons, a small amount in comparison to 
the large tonnages of vegetable oils pro¬ 
duced. Yet demand exists for more quality 
wax of the carnauba type, if such can be 
had at a moderate price. Research is under 
way in several quarters to obtain good 

vegetable waxes from diverse agricultural 
crops or plant wastes. 

1 . Carnauba. The slow-growing car¬ 
nauba palm, Copcnucia cerifer a, rears its 
crown of fan-sTiapBd leaves to the drying 
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winds of Ceara and Piaui. Brazil. The 
fiercer the scorching winds and the worse 
the drought of the dry season, the heavier 
seems to Ire the wax secretion on the leaves 
of this palm, in defense against tire weather. 

It is then that the carnauba, named bv 

/ 

Humboldt “tree of life," offers succor to a 
wasting economy, lor as bleached carcasses 
of thirst-killed animals dot the landscape 
beneath the cloudless sky and many of 
other occupations are forced, in order to 
escape starvation, to leave Ceara and mi¬ 
grate up the Amazon Valley, the carnauba- 
gatherer increases his profits. 

The carnauba palms are found wild in 
tremendous number in the northern part 
of the states of Piaui and Ceara, Brazil. 
They prefer moist soil, and are commonly 
found in lowland areas with a high water 
table. In the last half century, plantings ol 
the tree have also been made, but the 
greatest quantity ol wax still comes from 
wild sources. At one time the big leaves of 
carnauba were cut indiscriminately for wax 
by uneducated workers, but in recent times 
harvest has been restricted by law so that 
excesses will not "kill the goose that lays the 
golden egg." Only a certain number of 
leaves are allowed to he removed from any 
tree in a given year, in two cuttings of ten 
to twenty-five leaves each during the dry 
season. 

Leaves are cut by machete where possible; 
by long pole saws or knives and with the 
help of ladders where the tree towers too 
high for the leaves to be reached from the 
ground by the unaided arm. Cut leaves are 
taken to drying sheds, where they are 
usually stripped (shredded) by hand or by 
machine, and then are allowed to lie for 
three to five days in an enclosure beneath 
the tropical sun of northeastern Brazil. As 
the leaf fragments wither and dry, the 
layer of wax on the surface becomes loose 
and falls .is a whitish powder. Laborers Hail 
the dry leaf-parts until all the wax falls 


away. The leaf-parts are then discarded or, 
in managed plantations, returned to the 
palms as a mulch, and the loose wax is 
swept into containers. Next it is melted 
down, often in vats of water; strained and 
molded; and in this form marketed. Most 
crude wax goes to the United States, the 
chief importer of carnauba (absorbing 70 
per cent of total production), lor final refin¬ 
ing (remelting in water) and compounding. 
Wax derived from the erect center leaves 
("ollio") is usually yellow; that from older, 
outer leaves of the crown is brownish or 
grayish and is less esteemed than the yellow. 

Production of carnauba wax, exclusively 
from northeastern Brazil, amounts to about 
thirteen thousand tons annually, from about 
seventy million trees that contribute an 
average of six ounces each. Carnauba wax 
finds use in polishes, lubricants, floor and 
automobile waxes, insulating materials, car¬ 
bon paper, chalk, matches, phonograph 
records, plastics, cosmetics, protective coat¬ 
ings, films, and many other products. It is 
the hardest, highest-melting, natural com¬ 
mercial wax: and it is often added to other 
waxes to increase their melting point, hard¬ 
ness, toughness, and luster, and to decrease 
stickiness, plasticity, and crystallizing ten¬ 
dencies. 

2. Candelilla. In the desert-like area 
west of the Big Bend country (Texas) and 
northern Mexico grows the largely leafless 
candelilla shrub, Euphorbia antisyphilitica, 
of the Euphorbiaceae, which is 1 to 6 pet 
cent wax by weight. Pedilanthus pavonis, 
Euphorbiaceae, is reported as also being 
used under the name candelilla. The wax is 
found as a thin film on the stems, giving 
them a whitish cast. Seeds arc produced in 
May to July; seeding is solely by natural 
means. Habitation by man of the harsh 
candelilla country is difficult, and it is un¬ 
likely that candelilla will ever become a cul¬ 
tivated plant. Wild plants have been har¬ 
vested intermittently for half a century. 
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Ouricuri palms, Cotos ronmaia, a source of wax aiul oil in the vast palm belt of 

Hi .i/il. |(ouilC'\ r.foiitnnic Itotanw) 


"ill* "hat seasonal labor is available at the 
peak ol the tin season, when wax content 
ol the candclilla is at its highest. 

Camlclilla plants are pulled hy hand and 
sun dried lor a lew days. The wax is ordi¬ 
narily obtained by boiling the plants in 
acidified water, the melted wax being skim¬ 
med I. the surface ol the cauldron. 

Portable apparatus is used, since supplies 
ol candelilla in any one locality are soon 
exhausted. The crudely cast wax is again 
refined at commercial centers. The final 
product finds use in most ol the same ways 
as carnauba; it is utilized mostly in blends. 
Production is normally about two or three 
thousand tons annually. Almost the entire 
amount is consumed by the United States. 


Some other icax plants. 

C ar at i d d- f rom Co pernicia austra lis. Pal- 
tnaceae, Brazil. 

Cotton -a wax can be solvent-extracted 
from cotton fibers. Gossypium sp.. Mal- 


• in air, a souiie that holds promise for the 
future. Similar waxes can be extiaclcd from 
hemp, flax, and other fibers. 

Esparto —esparto grass, Stipa tcnacisshna, 
Gummieac, of North Africa, has been men¬ 
tioned as a fiber source used for papermak¬ 
ing in Britain. The wild grass has long been 
important in the economy of the Barbarv 
Coast. It has been used for weaving (sandals, 
hats, brooms, carpets, and the like, lor local 
use); rope (esparto rope is used by the 
Spanish Navy because ol its lightness and 
floating characteristics): fuel (although fast¬ 
burning, esparto grass serves to ' power 
North African locomotives and power sta¬ 
tions); stock feed; and similar uses. Almost 
the entire crop is pulled by hand and trans¬ 
ported bv camels to the ports. Wax is ex¬ 
tracted Iron, the grass by mechanical 
cleaning, before the grass is pulped for its 
! na,n Usc ■>» the British paper industry. The 
,m I )U,C ' vax is pwrified by solvent dissolu- 
tion ami subsequent distillation. It finds 

nU, ch thc uses as other vegetable 
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waxes, and is not greatly inferior to car- 
nanha in <]iialit\. 

lojoba —a liquid wax can be obtained 
from expression of the fruit and seed of 
Simmondsia calif or nit a. Buxaceae; Cali¬ 
fornia and northern Mexico. It may be 
altered to the solid state by hydrogenation. 

Murumurit —from seed of Astrocaryum 
nmruinutu. Pahnaceae: Brazil. 

Ouricuri or licuri —from Cocos coronata, 
Pahnaceae . already listed as an oil source 
(from fruit) in Brazil. The leaves are cut 
and the waxy coating scraped free by hand 
(the wax docs not separate upon drying as 
does carnauba wax). The resultant powder 
is cleaned, melted, and cast prior to market¬ 
ing. Ouricuri is a relatively recent wax on 
the market. Wild stands of this small palm . 
are frequent in northeastern Brazil, par¬ 
ticularly in the state of Baia. About two 
thousand tons are exported annually. 

Sisal and lienei/uen —wastes left in fiber 
production from these two famous hard 
fiber plants, species of Agave, Amaiyl- 
lidaceae, provide a commercial source of 
wax. 

Sugar cane-sugar cane stalks. Saccharum 
officinarum, Gramineae, constitute an ex¬ 
cellent potential source of wax. Yield is low, 
but proper solvent extraction from the im¬ 
mense amounts of waste bagasse available 
and precipitation from expressed juice 
could provide wax on a large scale. 

The Future of the Vegetable Oil 

and Wax Industries. 

Every indication points to a continued 
demand for quality waxes. Whethei 'ege- 
table waxes can continue to hold their own 


in competition with synthetic and mineral 
waxes depends upon labor costs in produc¬ 
ing countries, and upon ultima te prices of 
petroleum and other raw materials in the 
I’nited States (paraffin prices have already 
risen threefold). Efforts are constantly being 
made to synthesize carnauba, the world's 
premier wax. or otherwise to find a cheaper 
substitute lor it. but so far with incomplete 
success. Were it ever to he achieved, vege¬ 
table waxes, like vegetable dyes now, would 
be of largely his torical inter est. It seems un¬ 
likely that the present important vegetable 
waxes will he able to improve their position 
materially, because of their inefficient pro¬ 
duction and of wild rather than cultivated 
sources. In spite of cheap labor in the pro¬ 
duction areas, costs are likely to rise rather 
than to decline in the future. Waxes derived 
from abundant, concentrated plant waste s 
such as apple peels, sug ar ca ne, and the like 
seem to offer greater possibilities of success 

in a modern economy. 

# 

Vegetable oils and fats, on the other 
hand, seem destined to be used for some 
time in astonishing quantities. Most of 
these ace derived from cultivated plants; 
and with technological improvements, 
breeding programs, and intensified grow¬ 
ing, they can be expected to become cheaper, 
if anything. Animal fats, the chief competi¬ 
tors of vegetable oils, seem to offer no 
serious threat of cutting the vegeia] 2 k_ail 
niarket . for animal feed costs are up, and 
in any event animal raising is limited to 
certain ^creages. Future generations can 
be expected to see steady or increasing con¬ 
sumption of vegetable oils, bodi for foods 
and for many large-scale industrial purposes. 
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Carbohydrate Extractives: Sugars and Starches 


This relatively brief chapter will both 
conclude the second section of the book, 
dealing with plant extractions, and provide 
a transition to the following section, which 
deals with food plants. Sugars and starches 
are, first of all, foods, although both, and 
particularly the latter, find hundreds of 
industrial uses. Yet both are nonetheless 
extractives, in that they are laken from the 
plant cells and elaborately purified before 
consumption. Sugars and starches constitute 


by respiration and digestion that permits 
building up of the more complicated 
starches, cellulose, fats, proteins, and the 
like. Thus in a sense all plant products, 
from cell wall to the least-known extraction, 
from rayon to rotenone, are sugar. In sub¬ 
sequent pages chief emphasis will be placed 
upon the two leading commercial sugars 
and those commercial starches most im¬ 
portant to the United States. 


as logical a class of plant extractives as do 
fats and oils. , 

Carbohydrates are typically the least com¬ 
plicated of the organic molecules so far 
dealt with. Carbon, hydrogen, and oxygen 
occur approximately in the ratio 1: 2: 1 
(viz., glucose C 0 Hj 2 O„; sucrose C^H^O,,; 
starch [C 8 H, 0 O 5 ]n). The comparatively high 
proportion of oxygen makes carbohydrates 
a less efficient source of energy than fats and 

oilc ~ » U_ 1 
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■»ere are many sugars that have somt 
unltty in man’s complicated world. These 
include among others glucose (karo syrups) 
actose (b meriolcg i a l hro thljTTmtlose 
( d ja betic sugar), dextrose, mannose, and 
others. But far exceeding all others in im 
portance is sucrose, common cane or beet 
sugar, which is extracted annually in 
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(m simplest terms the chemical addition of 
oxygen, whereby energy is released) is pos¬ 
sible. Carbohydrates (sugars) are believed 
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world averages some 30 lbs. per year; fc 
the United States, about 100 lbs. This in 
portant carbohydrate commonly occurs i 


■O be primary products of that rema ab,e Z carD0, ‘ y . d '™ “mmonly occurs i 
process term* photosynd.es “ e d lam Z7 " T * P ' aM - 

in Chapter 1, and are Luce the buZ ° n '° n f a PP*«- In fa 


m Chapter 1, and are hence the building 
stones upon which organic synthesis de¬ 
pends. It is the energy packed into sugar 
molecules by photosynthesis and released 
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insoluble substances sud, as starch may l 

changed to soluble sugar form t<U>e move 

rom location to location in tHfplam an 

then recombined into the insoluble font 
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But sugars seldom occur abundantly enough 
in locations from which they can be ex¬ 
tracted to merit large-scale commercial at¬ 
tention. In only two plant species, sugar 
cane and sugar beet, has man found an 
economical source of sugar. 

In Bibli cal time s honey, made by the 
honeybee from the sugary nectar of flowers, 
constituted the only sweetening. The pros¬ 
perous land was one “flowing with milk and 
honey.” By the time of the Roman Pliny, 
man had learned to extract, though in¬ 
efficiently, “a kind of honey” from bamboos. 
Thus began what was to become a tremen¬ 
dous world industry. Sugar then and 
throughout the Middle Ages was not com¬ 
mon; it remained costly, used only as a 
medicinal or as a luxury of kings. It was 
ordinarily sold in the apothecary shops, 
along with various herbs. Originally, sugar 
was apparently introduced to Europe 
through the overland caravan trade from 
India. The inhospitable hills of Afghanis¬ 
tan and the bleak wastes of the caravan 
route seem to have effectively prevented 
introduction of die living “Indian honey¬ 
bearing reed” into Asia Minor for some 
centuries. But sometime during the Middle 
Ages and the epoch of Arabic hegemony, 
sugar cane was widely introduced into the 
Near East and North Africa. The Arabs of 
this period seem to have made the first 
scientific attempts at sugar extraction. 
Then, in the fifteenth and sixteenth cen¬ 
turies, the Portuguese and Spanish, world 
colonizers and merchants, introduced sugar 
cane throughout the Old and New World 
tropics. Its culture rapidly expanded, and 
sugar quickly became one of the most de¬ 
manded imports of Europe. In seeking in- 
ependence of the tropical source (sugar 
cane), Germa^x^erimenters undertook 
investigations concerned with the possible 
extraction of sugar fro g the be et, in which 
hajd been noted as early as 1590 that 
considerable quantities, were contained. 


Since that time the world has relied for. its 
sugar on the tropical cane together with the 
temperate beet. Both yield nearly pure 
sucrose and hence are interchangeable in 
use. Involved in the story of sugar are 
politics, pirates, and world social phenom¬ 
ena, as well as many phases of science. 
World production of all types of sugar ex¬ 
ceeds 36 million t ons, with India as the 
largest single producer (over 6 million tons) 
and the United States the largest single 
consumer (over 7 million tons). 

1. Cane sugarSA number of species of 
the sugar cane grXs, Saccharum, of the 
Gramineae, are recognized, most of them 
p olyplo id. Commercial production is said 
to come from S. officinarum ( 2n = 80), al¬ 
though the best strains in cultivation have 
genes from other species, such as S. spoil - 
taneum, introduced to effect improvements 
(viz., disease resistance). Sugar cane is ap¬ 
parently indigenous to the Far East, pos¬ 
sibly originatjng_in the Pacific islands or 
in India, but, as was mentioned above, it 
has been carried to the limits of the tropics. 
The plant is a coarse gl ass, sometimes reach- 
ingjheights of 20 ft., easily rooting from the 
nodes, and typically propagated (except in 
breeding work) by cuttings. 

Until comparatively recently sugar cane 
was crudely planted and tended by hand, 
and still is today on small local holdings 
where efficiency is not at a premium. A 
section of cane about three nodes in length 
is simply stuck in a hole dug with a stick. 
Competing weeds are kept somewhat in 
check by any feasible procedure. Modern 
sugar plantations, however, that must com¬ 
pete in the world markets can hardly afford 
such ted.ous methods. Instead, planting 
machines open a furrow, drop the stem 
sections m and then cover them at intervals. 
Mechanical cultivation, herbicide treat- 

raent feml.zing, and flaming may precede 
and follow planting. P 
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Harvesting sugar canc on a plantation in Brazil. A papaya or “mamao" is growing 
at the right. (Courtesy Chicago Natural History Museum.) 


Usually one to one and a half years are 
required from the time the cane is planted 
until it is harvested. Harvest was once en¬ 
tirely by hand, but recently, on ultramodern 
plantations, has been done by gigantic cut¬ 
ting machines—a sort of combine for sugar 
cane. In very rich soils, good production 
will continue from the rhizomes of one 
planting for as long as twenty years. At the 
other extreme, many poor soil plantings 
must be handled as an annual crop, a system 
required by law in Java. The usual pro¬ 
ductive period is somewhere between the 
two extremes. On the average, replanting is 

2 aps needed at three-year intervals, 
arvested cane is brought to centralized 
ions or factories for extraction. Extrac¬ 


tion is almost invariably an expression proc¬ 
ess, involving at its simplest the running of 
the cane between two hand-turned, fluted, 
wooden rollers, which squeeze out a goodly 
portion of the juice. Where more elaborate 
equipment is available, the cane stems are 
run between sets of three steel rollers, 
either with or without preliminary shred¬ 
ding. Three or even four such expressions 
are performed, each subsequent expression 
involving rollers set more closely together 
than for the preceding expression. After 
each expression the cane may be wetted to 
facilitate nearly complete extraction of all 
sugar present. The residue of fibrous stalks, 
bagnsse, has in the past been of little value. 
Recently, however, it has been compounded 




311 



° ..- <rmm / uiHiinnrntals of Lconou 
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into fiberhoard or used as an ingredient in 
paper. More commonly it has served as an 
inefficient fuel lor the boilers of the extrac¬ 
tion factory. 

The expressed juice undergoes evapora- 
tion—in primiiive areas by boiling in open 
cauldrons, with or without addition of 
wood ashes (alkali) to aid in clarification. 
The dark, sticky sugar resulting contains 
sucrose, glucose, and small percentages of 
gum. protein, organic acids, pectin, ash, 
minerals, soils, pigments, and the like. As 
such it is a more complete and nourishing 
iood than the highly relined white sugar so 
pn/cd by "progressive” civilizations. It is 
° . a s | a ple in the diet of certain peoples, 
as is the rapadura” in rural parts of north¬ 
eastern Brazil. Modern mills, utilizing 
steam-heated evaporation chambers ot vacm 
Um pans, add standardized chemical com¬ 


pounds (such as sulfur dioxide, lime, sodium 
carbonate, phosphoric acid, and the like) to 
piei ipicite out from cane juice non-sugars 
that are not coagulated by heat (chit iftca- 
non). ] he treated solution is passed through 
Idter presses (dclecation) and then concen¬ 
trated to a density that will cause sucrose 
to crystallize out Iron, the thick syrup or 
massetuue." Centtiiuges separate the 
iKpiid pot tion, molasses, from the sugar 
crvstals. I he molasses may be subjei tetfto 
additional crystallizations. It is eventually 
sold lor human consumption, as an ingre- 
chem oi cattle feeds, or lor fermentation 
lnto nim, ethyl alcohol, and vinegar. The 
raw sugar, about % pei cent sucrose, is 
subjected to further refining, us,tails in 
the lonsunimg countries. This relmim* 
involves repeated washings and reervstab 
nations, and decolorization with caibon. 
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A modern Cuban sugar mill. (From Fundamentals of Economic Geography by 
Bengtson and van Roven. New York. Prentice-Hall. Inc., 1950 .) 


The refined sugar is eventually packaged 
in loaf, lump, granular, or powdered form, 
almost completely free of its healthful 
“impurities.” 

World production of cane sugar is esti¬ 
mated at about 26 million tons, having in¬ 
creased from about half that amount since 
the decade 1910-20. Most production comes 
from India, the Caribbean area (Cuba), 
Brazil, the Philippines, and Java. Chief con¬ 
suming areas are North America and 
Europe, where per capita consumption often 
exceeds 100 lbs. annually. Seventy-five per 
cent of all production is governed by the 
International Sugar Agreement, a voluntary 
agreement among sugar-exporting countries 
restricting production to established quotas. 
Although production problems hitherto, 
except in wartime, have been those of over¬ 
production, the highly digestible, savory 
cane sugar can look forward to continuing 

• This species is presumably derived from the w 


and increasing demand by a world in need 
of more food and a better diet. 

2. Beet sugar. A variety of the common 
beet, Beta vulgaris* Chenopodiaceae, na¬ 
tive to northern Europe and developed as 
a sugar source primarily in Germany, has 
come to the fore. About one-third of the 
world’s sugar, more than 11 million tons, 
is today derived from the sugar beet. For 
centuries the common comestible beet was 
known to contain more than ordinary 
amounts of sugar, but not until 1774 did 
the chemist Marggraf in Berlin, investigat¬ 
ing potential sugar plants, demonstrate the 
utility of the sugar beet. The species became 
especially valuable when selection and 
bree ding progressively increased the average 
2 to 4' per cent sugar content to the 15 and 
even 20 per cent content achieved today. 
It was Marggrafs practical student, Achard, 
who first accomplished masterly breeding 

1 beet of northern Europe, Beta marilima. 
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of sugar-rich, large-size beets from the mot¬ 
ley stocks cultivated by Silesian peasants. 
In the early years of the 1800’s, Napgleon 
greatly encouraged the newborn sugar beet 
industry, and was greatly ridiculed for his 
efforts. Nevertheless, as cane sugar imports 
were cut off by Napoleon’s edict forbidding 
trade with England, the beet sugar industry 
became firmly established. Destructive wars 
and renewed imports of cane sugar after 
1815 disrupted the industry, but by the 
early twentieth century it had again revived 
sufficiently so that European production was 
reckoned in the millions of tons. Sugar 
beet growing became established in die 
United States only after 1875, but it ranks 



Contemporary cartoon satirizing Napoleon’s at¬ 
tempt to establish a sugar-beet industry. (Courtesy 
Scientific Monthly.) 


today as one ol the foremost agricultural 
pursuits of certain western states. Plant 
breeders have persi stently raised the sugar 
beet’s productivity and resistance to dis¬ 
ease,* and more efficient glowing and han¬ 
dling have been continually achieved. As 
a result the sugar beet today is usually able 
to compete with sugar cane, even when 
unsubsidized. 

Commercial growing of the sugar beet is 
confined to the Temperate^Zone; it is ear¬ 
ned on in all continents except Africa. 
Germany and other European countries, 
Russia, Asia Minor, North China, Japan,, 
and the United States are the significant* 
producers. In the United States, California. 
Colorado, Idaho, Michigan, Montana. 
Nebraska, Utah, and Wyoming are the lead 
ing producing states, where a total of 
nearly a million acres is planted, yielding 
at an average of two tons of sugar per acre 
almost two million tons of sugar annually! 
About 15_pej- cent (average) of the beet is 
sucrose. The residue from sucrose extraction 
(pulp plus tops) finds use as a very valuable 
livestock feed, fertilizer, and pectin source. 
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The pulp is said to contain as much as 20 
per cent pectin. I his pectin can be ex¬ 
tracted l>\ treatment with dilute acid. 

Sugar beet seed is sown in rows in early 
spring, in carelullv prepared seed beds. The 
initial close stand of seedlings must be 
thinned, normally a hand operation, but 
one coming to be done mechanically by in¬ 
genious machines equipped with a rotating, 
propeller-like blade. Mechanical cultiva¬ 
tion, or, more recently, herbicide treat¬ 
ment serves to keep weeds in check, and 
by mid-autumn the mature crop is ready 
for harvest. Mature beets have large, coni¬ 
cal, whitish roots weighing I to 5 lbs., with 
two broad longitudinal belts of small root¬ 
lets and a crown of glo ssy, c rinkled leaves. 
The plant is biennial, and stock retained 
for seed flowers the subsequent year. In the 
United States beets for seed are generally 
planted in autumn, left in the ground over 
the winter, and the seed harvested the 
following summer. Seed develops in the 
fused clusters typical of a multiple fruit, a 
fact which hinders precision mechanical 
planting. Frequently the seed clusters are 
cracked or "segmented,” so that the seed¬ 
lings do not become so heavily clustered 
as to require inordinate thinning. 

Traditionally sugar beets were gathered 
and topped by hand, but recently mechani¬ 
cal devices to accomplish this have been 
developed, and in the United States up to 
75 per cent of the crop in some states is 
mechanically harvested. One type of ma¬ 
chine loosens the beets with plowshares, 
then clasps the leaves and elevates the 
entire plant to the topping mechanism. 
Another utilizes a gigantic spiked wheel to 
lift the beets. It is thus possible to effect 
entirely by mechanical means digging, top¬ 
ping, loading on trucks, and windrowing 
of tops. Such mechanization is necessary in 
the United States if the domestic sugar 
industry is to compete with imports. In¬ 
creasing efficiency may be expected as 


"tailor-made" high-yielding beet strains 
continue to be developed, and mechanical 
planters and harvesters arc further per¬ 
fected. 

Sugar is extracted from harvested beets 
by a dillusion process preceding a recovery 
expression. The beet is first thoroughly 
washed, then sh redded. The shreds are 
soaked in tanks of circulating hot water, 
permitting diffusion of the soluble sugar 
into the water solvent. Ninety-seven per 
cent of the sugar is so removed. The ex¬ 
tracted beets are discharged to a press, where 
the remaining sug ary water is pressed out. 
The pulp cake is utilized as previously in¬ 
dicated. The sugar solution is treated 
essentially as is cane juice. The clarification 
process involves application of lime, carbon 
dioxide, and eventually sulfur dioxide, with 
several filterings to remove sediment. First, 
second, and third runs ol massecuite, sub¬ 
sequent to centrifuging and final refining, 
are carried out on the mechanical principles 
described for cane sugar. 

The sugar beet has definitely established 
itself as an important sugar crop. What its 
fate will be if sugar surpluses again confront 
the world will depend upon the ability of 
the industry further to mechanize and cut 
costs, at least in the United States. There 
is every probability of this being accom¬ 
plished through the combined efforts ol 
the geneticist (producing easily handled, 
readily planted, higher-yielding, disease- 
resistant strains), the agronomist (develop¬ 
ing less laborious and more productive 
planting, cultivation, and growing tech¬ 
niques), and the engineer (improving plant¬ 
ing, thinning, harvesting, and processing 
machinery). Already a mediocre vegetable 
has been transformed into a sugar crop of 
international importance, with great benefit 
to Temperate Zone economies; there is no 
reason why similar improvement should not 
continue. 
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3. Maple sugar. The gathering of maple per cent sugar content is largely sucrose, 
sap for sugar and syrup cannot compare in Sap flows for an average of 34 days (the 
importance with the cane and beet sugar shortest run on record is 9 cfaysTthe longest 
industries, but in picturesqueness it exceeds 57). Decades ago sufficient forest existed in 
both. Gathering sugar from the sugar or New England to accommodate 16 or 17 
hard maple tree, Acer saccharum, Acera- thousand buckets. Today the run more 
ceae* was a trick of the American. Indian, likely involves 300 to 1,500 buckets. 


unknown to the white man until coloniza¬ 
tion of lower Canada and New England was 
‘veil under way. The first extant record of 
white man's acceptance of woodscraft sugar¬ 
ing is dated_1673. Indian custom was simply 
to hack wounds in the sugar maple trunk 
in the early spring and collect the sap that 
dtipped out in crude wooden or pottery 
vessels. This sap was concentrated by boil¬ 
ing (accomplished by dropping hot rocks 
into the sap, for containers resistant to fire 
for long periods were not to be had until 
the white man brought copper and iron), or 
by freezing the sap and removing each day 
the upper layer of ic e that formed. The 
early settler simply adapted his means to 
Indian methods, eventually substituting 
drilling for hacking and using sumac and 
later metal spiles to conduct the sap drip 
to metal pails. Boiling-down was first done 
in iron kettles over an open fire, and later 
in special sugar houses. 

The sugar maple is a common forest tree 
of the northeastern United States; it has 
been discussed in an earlier chapter on 
orestry. As early as February or as late as 
April, depending upon season and climatic 
zone-whenever warm, sunny days follow 
cool, crisp nights-the sap of this maple, 95 
per cent water, begins to flow. Then com¬ 
mences day-long activity in the “sugar 
ush," as the maple stands are called. The 
sugary sap apparently results from conver¬ 
sion of starches accumulated during the 
previous growing season into sugars during 
the winter, mostly in ray cells. The 2 to 6 
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flowing, holes about 2 jxy. deep are drilled 
into the sapwood, one to four to the tree, 
depending upon tree size. Today power 
drills are usually employed, although hand 
drilling is still relied upon in a few areas. 
A spile is inserted into the hole and a pail, 
usually covered, hung below it. The sap 
drips down the spile into the pail at a rate 
of sometimes better than a drop per second 
Collection of the accumulating sap is a 
daily operation, formerly practiced by men 
wearing a sap-yoke with pails hung from its 
ends; in more modern times, by sleds, 
wagons, or power equipment driven into 
the woods or by gravity piping from the 
bush. 

The sugar house is the scene of final 
processing. A shallow-pan evaporator, as 
much as 20 or 30 ft. long, usually wood- 
fired at one end, receives the sap. The sap is 
here boiled down to a specified thickness, 
as indicated by temperature and density, 
and drawn off for filtering to remove pre- 
cipitated__limy materials. The resulting 
product is the famed maplejsyrup, weighing 
11 lbs. to the gallon. Further careful boiling 
produces a thick _£aste, which congeals and 
crystallizes when cooled to become tire 

traditional New England confection, maple 
sugar. r 

Today maple sugar and syrup are expen¬ 
sive treats, a luxury. It was not always so. 
The American Indian, having no other 
sugar save occasional honey, cherished this 
product of the abundant maple as a sweet- 


does so in sufficiem quanlily an(J 
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enino. Similarly, in early colonial days lie- 
lore the import and introduction of sugar 
cane, maple sugar was much a necessity in 
the colonists' limited fare. Production con¬ 
tinuously increased, until about 18(»0, when 
cane sugar began to usurp maple sugar's 
place in the New England larder and de¬ 
creasing abundance of forest progressively 
restricted production. But many thousands 
ol gallons of syrup are still produced an¬ 
nually and maple sugar can he purchased 
as a delicacy along any New E ngland high¬ 
way, though both are often adulterated with 
cane sugar. And a hint of the old romance 
of maple sugaring still lingers in New 
England, as the first warm days of spring 
bring thousands of hardy and independent 
farmers into their sugar bush. 

Perhaps 95 per cent ol the sugar and 
syrup made is sold to large syrup companies. 
The remainder is consumed locally or 
marketed independently. Strangely enough, 
the tobac co in dustry is the greatest consumer 
of maple products, for flavoring tobacco. 
Vermont is the chief producer of maple 
syrup and sugar, followed by New York, 
Ohio, Michigan, Pennsylvania, and New 
Hampshire. Annual production from all 
states amounts to considerably better than 
2 million gallons (of syrup or its equiva¬ 
lent), almost entirely from wild trees. But 
this amount is equivalent to less than 10 
thou sand tons of sucrose, in comparison to 
the many millions of tons of cane and beet 
sugar produced annually. 

4. Other sugar sources. Considering 
the many plant sources for vegetable oils, 
it is indeed strange that so few exist for 
sugar. In addition to the three previously 
discussed, the following have had minor 
importance. 

Palm Sugar or Jaggery is obtained from 
the sap of several palms, including among 
others species ol Phoenix , Borassus, Arenga, 
and Cocos. The palm sugar industry of 


India and the Eastern tropics is an old one, 
and produces about a hundred thousand 
tons annually. The sugary sap, about 1-1 
per tent sucrose, is obtained by severing the 
expanding inflorescence and affixing some 
suitable receptacle lor the vigorously rising 
sap. I he cut or bruised peduncle will con¬ 
tinue to yield sap orj'toddy" for a number 
of weeks or even months, at a rate of as 
much as a gallon per day. Collection com- 
. in November or December and 
lasts until summer. The trees are ascended 
by expert climbers who perform the neces¬ 
sary collection. The gathered juice is boiled 
to syrup and sugar much as is maple sap. 
I he Indian Phoenix sylvestris is typically 
incised or boxed on the upper trunk to 
yield sap. Each J)ox is about -1 in. deep; on 
alternate years the box is made on the side 
opposite from that cut the previous year. 
Each second year the new box is hewed on 
new growth above the old box; thus palms 
tapped for several years have a curiouwig- 
/ag appearance. 

Sorghum is derived from Sorghum vul- 
gare sacchmatum, a maize-like plant of the 
Gramineae . known in many horticultural 
strains (hodo, honey, sapling, gooseneck, 
orange, and so on). About two hundred 
thousand acres are planted to this annual 
in the United States for syrup production, 
about one-hundredth of the acreage allotted 
other varieties for production of grain, 
forage, silage, and broom material. The 
syrup acreage yields some twelve million 
gallons of syrup annually in the United 
States, most of which is processed and con¬ 
sumed locally. Sorgo or^sweet sorghum for 
syrup making is, like corn, planted in rows. 
In the United States it is grown particularly 
in the Midwest and in the South. Extraction 
and concentration of the juice involves 
sim ple, f arm-home procedures, in principle 
similar to those used to derive massecuite in 
the cane sugaf industry. The process is sel¬ 
dom carried beyond the_syrup stage, but in 


1/ 

CARBOHYDRATE EXTRACTIVES: SUGARS AND STARCHES 

I 


347 


the southern United States attempts have 
been mad'£ t o extend the sugar season by 
using sw^et sorghums, since they mature 
early an pi can thus provide sugar factories 
with art/, operational period before cane 
maturf/s. Sorghum will be further discussed 
under*cereal grains. 

PL/j(.\T Nectar is well known as a source 
of sjbcrose, gluco se, an d levulose for the 
honeybee, which partially digests it and 
coni pounds it into flavorful honey useful to 
majfi. Honey is about three-fourths fructose 
anil glucose, with minor amounts of pro¬ 
teins, mineral salts, and water. The flavor 
oil honey largely depends upon the species 
°f/Plants the honeybees visit. Flowers con- 
talinmg substantial amounts of essential oils 
usually impart characteristic flavors. Nectars 
frjom some African and Asiatic flowers have 
b r n reported to be consumed directly by 
m;|n. These include the MadhuTa tree 
Mhdhuca lot ifolia, Sapotaceae^dh- the 
hdney flower, Melianthus major, Meliantha- 
ejae; and the Boer honey pots, Protea mel- 

^ifera and P. cynaroides, Proteaceae, South 
Africa. 

Starch Hydrolysis. In Japan and else¬ 
where starch, from rice, millet, or perhaps 
other cereals or potatoes, is hydrolized to 
sugar enzymatically (with malt), much as in 
making wort in brewing. Dextrin and malt¬ 
ose are the typical sugars so derived, and 
are collected by evaporation following 
hydrolysis. In North America a glucose 
syrup (Karo) is made by hydrolyzing corn 
starch wnh dilute acids. Fructose, ufed by 

inuhn h S r dC fr ° m thC P°ty sacc haride 
nykn, which may be derived from the 

tubers of the dahlia (Dahlia pinnate), the 
Jerusalem artichoke (Helianlhus tuberosus), 
and other species. h 

Starches 

Starch, even more so than sugar is a 
common and readily extracted reserv food 

" P 1 *”' pm. Starch is ataost 


invariably present in plants consumed for 
food, and may indeed be almost exclusively 
the source of nutrient value. It is, of course, 
water-insoluble and must thus be digested 
by the consuming organism by a relatively 
simple enzymatic process. Being ordinarily 
insoluble, starch is commercially extracted 
by physical separation, for a multitude of 
industrial and food uses. The starch-bearing 
cells are by some means ruptured, and the 
abundant starch grains typically floated free 
or separated by centrifuging. There are 
several different types of starch-differing 
in both the chemical linkages and the 
physical nature of the grains. It is usually 
possible to identify the source of a starch 
giain by microscopic examination. 

Starch can be extracted from practically 
any cereal grain, tuber, or other plant 
storage organ. Commercially two sources in 
particular have been exploited: the temper¬ 
ate Zea mays (maize or corn) and the 
tropical Manihot esculenta (locally called 
manioc, mandioca, cassava, yuca, tapioca, 
and so on). The former yields about three- 
quarters of a million tons of cornstarch 
annually. About one-third this amount of 
tapioca starch is annually imported into the 
United States alone. By way of contrast, all 
other starches produced in the United 
States amount, together, only to some ten 
thousand tons annually. Extracted starch is 
encountered in modern economy practically 
everywhere—in various foods such as pud 
dings, candies, chewing gum, bakery prod¬ 
ucts, and the like; in adhesives, laundry 
starches mdustria! sizings, pharmaceuticals 
oil well drilling compounds; and (by hydrol- 

ysisas COr " su § ar ) a number of products 

from confections to leather tanning. i„ 
syrups for uses from infant feeding to 
tobacco flavoring, and in dextrins foi en- 

to r„T' a " d °‘ hei ' USeS ' In additi “ 

a h^T 3 milU ° n ,0nS ° f co ™W 
a half million tons of corn sugar, and one 
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hundred thousand tons of dextrins are 
produced annually from cornstarch. 

1. Cornstarch. The extraction of the im¬ 
portant corn oil from the germ or embryo 
of the seed of mai/e, 7.ea mays. Gramineae, 
has been discussed in a previous chapter. 
It will be recalled that to effect separation 
of the germ the cleaned corn grains are 
steeped for a number of hours in a weak 
sulfurous acid solution, which softens the 
grain and dissolves out certain soluble sub¬ 
stances (the valuable corn steep liquor). 
The grain is then cracked in special mills, 
and the germ, lighter than water, is Hoated 
off in flotation tanks. The heavy sediment 
of the flotation tank constitutes the re¬ 
mainder of the corn grain—starch and 
gluten (protein) from the endosperm, and 
the various seed coats or hulls. This mass is 
finely pulverized in burr mills, and, in the 
usual wet-process milling, separation of the 
various components is elfected as follows. 
The coarse hulls are first removed by wash¬ 
ing the pulverized endosperm through fine 
mesh cloth on rotating reels, and finer hulls 
by subsequent siftings in succeeding shakers. 
The suspension of gluten and starch that 
washes through was formerly separated in 
elongated starch tables, shallow channels 
into which the mixture is slowly fed. Most 
of the starch settles out from the slow water 
as a white sediment, while the gluten washes 
to the end of the channel. The gluten is 
usually recombined with the hulls for cattle 
feeds, or occasionally finds chemurgic use 
in plastics or synthetic fibers. A recent, more 
economical means of separation is by cen¬ 
trifuging. The separated starch is washed 
in a strong stream of water to suction pad 
devices, which pick it up from "solution” 
and subject it to further washing with a 


spray of clean water. The starch is then 
scraped from the suction pad, “ ll dried, and 
pulverized, ready for market 

piv. 

A portion of the starch produced in the 
United States is hydrolized vith we' r, ak acid, 
to form glucose syrup or corn suga’V,* but 
most is consumed as starch. The finer''grades 
of cornstarch are utilized for human u food; 
cheaper grades find industrial use as si/zing, 
laundry starch, hydrolysis stock, and\ ( the 
like. Paradoxically, as with sugar, mar i re¬ 
fines starch so highly that the most health¬ 
ful mineral and protein portions go il'nto 
stock feed or for other uses. From 'the 
nutritional standpoint, the cattle get idle 
best of it in cornstarch production. The w ?t- 
milling of corn for starch in the Unit ;d 
States consumes about 130 million busht Is 

• 

of corn annually, or about 4 or 5 per ce nt 
of the maize crop (90 per cent of which/is 
used on the farm directly as feed). 

2. Other starch sources. Manihot. The 
growing and use of the tropical cassava, 
manioc, or yuca, Maniliot esculenta, Eu- 
phorbiaceae, as a food plant is discussed 
elsewhere in this book (see p. 427). In the 
Philippines, East Indies, and the Caribbean 
tropics it is also much cultivated as a source 
of crude flour from which tapioca and 
commercial starch are extracted. Principles 
involved in extraction are essentially the 
same as those described for corn starch. 
Extraction is carried out crudely in the Far 
East or more efficiently in the consuming 
country. Most of the cassava starch used in 
the United States is imported as .the crude 
flour obtained from the grinding of the 
fleshy roots, and the starch is separated by 
appropriate mechanical means. Mention 
has already been made above of consump¬ 
tion of this important starch, which finds 


‘ This hydrolysis is a — ^ “ X"™ atm 
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wide industrial use in sizings and a variety 
of mucilages. The edible tapioca is made by 
heating cassava starch until the grains swell, 
partly hydrolize, and aggregate into the 
characteristic tapioca pearls. 

In 1908 an unusual strain of corn or 
maize known as waxy corn was discovered 
in China. The endosperm starch of this 
plant is largely of the amylopectin type, 
like that of cassava, rather than like the 
usual cornstarch, which is mostly of the 
amylose type. Following breeding experi¬ 
mentation, it is now being utilized indus¬ 
trially in the United States as a domestic 
substitute for the imported cassava or 
tapioca starch. 

Potato. The common white or "Irish” 
potato, Solarium tuberosum, Solanaceae, 
contains an abundance of starch. In Europe 
it takes the place of corn in the production 
of commercial starch. Some potato starch 
is produced in the United States from culls, 
left unsalable in amounts of several thou¬ 
sand tons a year in Maine, Idaho, and other 
potato-raising states. The potatoes are 
washed pulverized, and strained. There- 
after the starch is deposited as a sediment 
on inclined starch tables like those nsed in 
the cornstarch mdustry, or is isolated by 

F “ rther P rocess tng follows the 
eps used tn the preparation of cornstarch. 

^product finds a market primarily as a 

dustrL f 8 ° r 35 raW material f ° r 
dustrtal fermentation. Of course the waste 

P“lp is used in cattle feeds. World produc- 


tion of potato starch has amounted to as 
much as a half million tons annually. 

Wheat. Since ancient times, a starch ex¬ 
tract has been derived from wheat, Triticum 
sp. y Giamineae, which is still somewhat used 
today in the textile field. 

Rice. Imperfect rice grains, Oryza saliva, 
Giamineae, serve as a starch source. The 
starch is freed after softening of the grain 
by a series of sievings. It finds use as a 
laundry starch and in the textile industry. 

Arrowroot. The tuberous rhizomes of 
several Scitaminaceous plants, including 
Maranta arundinacea, Marantaceae; Canna 
edulis, Cannaceae; and Curcuma angusti- 
folia, Zingiberaceae, yield arrowroot starch. 
Extraction follows the principle of clean¬ 
ing, crushing, washing the starch free, and 
centrifuging or allowing it to settle out. 
Arrowroot is said to be easy to digest, and 
is used in foods for invalids and children. 

Sago. Sago starch is extracted from the 
stems and possibly the roots of certain 
palms and cycads. Zamia floridana, of 
Florida, can be used to yield what is known 
as Honda arrowroot starch. Other Cycada- 
ceous genera of the Far East are presumably 
the source of other sago starches. The palm 
M'troxylon sagu, of Malaya and the East 
nd.es yields the most common sago starch 
from the pithy portion of the stem. Extrac¬ 
tion involves the usual pulverization, strain- 
ing and sedimentation procedures. The 
UK in foods a " d 
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PART IV 


Plants and Plant Parts Used Primarily 

for Food and Beverage 





























































































































































































































































































































CHAPTER 15 


Food Plants 


The introductory chapters of this book 
emphasized the importance of plants- 
mainly food plants—in the development 
and very existence of man. Many of the 
important species in use today were domes¬ 
ticated so long ago by our progenitors that 
we do not know and can only guess at the 
wild forms and loci of domestication. Think 
of the many plant products eaten or other¬ 
wise used daily that are derived from the 
important agricultural crops of the world. 
The chances are that all were domesticated 
before the first chronicles were ever chiseled 
on stone. Of the hundreds of important 
economic plants, only two come to mind as 
having a more or less precise history of 
domestication-rubber and quinine—neither 
of them, of course, a food plant. One can 
only admire the perspicuity of our ancestors 
of ages past who first planted certain wild 
annuals, saw them through to maturity, and 
saved necessary seed for the next crop. With¬ 
out agriculture, man would have remained 
an infrequent nomad, without the capacity 
to develop the material and intellectual 
empire that is his today. 


World domestication centers. Vavilc 
and his followers have mapped out tf 
world domestication centers* The evidem 

py.**® 8 ? f Publications, mostly issues of 
riant Breeding from about 1925 to 1935. 


for these is derived from an elaborate series 
of inferences, which, while incapable of 
proving domestication centers, have not as 
yet been greatly challenged by more accept¬ 
able evidence. De Candolle had relied for 
evidence of domestication on finding similar 
wild species in the area, archeological re¬ 
mains or figurings, lingual affinities coinci¬ 
dent to borrowing or approximate copying 
of a word from one to another language, 
and written history as recorded in the 
Bible, Greek and Latin literature, or even 
in the herbals and early books of travel. 
Vavilov's school added to these sources, 
especially by variability studies, in which 
it was assumed that the area of greatest 
frequency for related varieties, forms, and 
strains was the center of dispersal. Genetical 
and cytological evidence, plant geography 
studies on a world wide scale, and correla¬ 
tion of plant diseases with the host distribu¬ 
tion were also given consideration. If we 
accept the centers as delimited by Vavilov, 
a. few generalizations become evident. It 
will be noticed first of all that each is a 
region of limited rainfall and mild climate. 
Neither the humid tropics nor the cold 
temperate regions have apparently con¬ 
tributed many food plants of world i m - 

Russian Bulletin of Applied Botany, Genetics, and 
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World domestication centers according to Vavilov. (Courtesy Chicago Natural 

History Museum.) 


portance. Vavilov claimed that the diversity 
of environments in mountainous areas en¬ 
courages the abundant culture of domestic 
crops. His putative centers of domestication 
are all more or less mountainous. Several 
important domesticated plants seem to have 
had multiple points of origin, one strain be¬ 
ing derived at one time and in one place and 
another in an entirely different locality at 
presumably a widely different date. Thus 
soft wheats presumably came from south¬ 
western Asia, whereas hard wheat originated 
in the Mediterranean area. Vavilov further 
contended that weed “hangers-on" of the 
primary cultivated crops often became 
equally or more important in environments 
inhibiting in one way or another the pri¬ 
mary crop, and thus essentially domesticated 
themselves. Rye and oats may have devel¬ 


oped thus from weed species in wheat fields. 

Vavilov’s chief domestication centers can 
be assigned continental location roughly as 
follows: (1) Southwestern Asia (Afghanistan 
through Asia Minor), the most important 
Old World center of cultivated plants, 
where probably were first domesticated soft 
and club wheats, rye, buckwheat, broad 
beans, peas, lentils, carrots, turnips, apples, 
pears, plums, sweet cherries, almonds, and 
pomegranates; (2) Southeastern Asia (the 
mountains of Tibet and China north and 
east of the Himalayas), where presumably 
were domesticated forms of oats and bar ley, 
soybeans, certain millets, yams, citrus fruits, 
peaches, and various vegetables; (3) North¬ 
eastern India—Indo-China (southeast of the 
Himalayas), where presumably were domes¬ 
ticated rice, sugar cane, bananas, breadfruit; 
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D'gging with the foot-plow for planting potatoes in the high Andes. (Courtesy 

Chicago Natural History Museum.) 


(4) North Africa (especially Abyssinia), 
where presumably were domesticated hard 
wheats, oats, barley, and certain millets; 

(5) The Mediterranean Basin, where pre¬ 
sumably were domesticated the olive and 
fig; and (6) The New World (Peruvian area, 
and secondarily southern Mexico), where 
were domesticated the New World food 
plants listed in Table 17. 

In each ancient culture center, certain 
ood plants were basic. In Mexico and 
southward, maize was the most important 
Sin g e foo <l- In the middle Andes, where 
parts of Bolivia and Peru are now demar¬ 
cated, the potato was pre-eminent, although 
eans maize, and other foodstuffs were of 
considerable secondary importance. In the 
Mediterranean basin, Asia Minor, and 
southwestern Asia the cereals-wheat, bar- 
y> rye, and oats-were most important, 


while India and China were undoubtedly 
the domain of rice. 

Practically no important food plants or 
domestic animals were common to both 
hemispheres, the coconut and the dog per¬ 
haps offering exceptions. But in the era of 
expansion and colonization following the 
Middle Ages, food plants were spread by 
man from one corner of the earth to an¬ 
other, and ultimate sources were thus con¬ 
fused: for example, the French thought 
maize to have come from Turkey, nam¬ 
ing it ble de Turquie; it probably did 
but only after it had first reached there 
from the New World. Similarly, the Incan 
Irish potato reached North America via 
Europe. Other chapters have repeatedly 
referred to Spanish, Portuguese. Dutch, and 
English world-wide trade in search of spices, 
aromatics, drugs, sugar, and other food 
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Indians gathering cowlily fruits. (Courtesy Chicago Natural History Museum.) 


products. Never before this era of travel 

had man been so adept in altering the 

ecology of the globe and today we grow 

indiscriminately Old World plants in the 

New World and New World plants in the 

Old, side by side with those native to each 
area. 

American Indian foods. What were the 
ood plants of primitive man in North 
America before the coming of the white 
man and his introduction of the important 
staples domesticated in Old World centers? 
Ut course, many Indian tribes carried on an 
agriculture of greater or less complexity, 
but e V e n these relied to some extent upon 
" , plants; and other, hunting tribes de¬ 
pended entirely upon wild plants for their 
homed vegetable fare. The plants cultivated 
Ve,e ch,efl y nia ize, beans, pumpkins, 


s(|Hashes, and sunflowers. In addition to 
these there were nuts and fruits from many 
wild trees and shrubs, greens and vegetables 
from wild herbs, bulbs and tubers for use 
in making meal or seasonings, and seed of 
wild grasses for grinding to Hour. Between 
one and two thousand wild species are 

known to have been used by the Indians 
as food plants. 

Acorns from various oaks, Quernis, were 
one of the most important native foods of 
the North American forest Indians. The 
acorns were pulverized, then leached in 
Streams for several days to remove the bitter 
taste. Cooked in grease or oil, acorn meal 
provided a tasty and nutritious food. Other 
much used “nuts- included: seed of the 
aquatic American lotus. Nelumbo lute,, 
pmon nuts from Pinus edulis, beechnuts 
from Fagus grandilolia. hickory „ uts 


FOOD PI.A X TS 


3") 8 



An assortment of New World fruits and vegetables. (Courtesy Chicago Natural 

History Museum.) 


Carya, black walnuts and butternuts from 
Juglans, hazelnuts from Corylus, and the 
like. Fresh fruits used raw, cooked, dried, or 
crushed included: serviceberry, Amelanchier 
canadensis; blueberries, Vaccinium; Smilax 
Iterbacea; blackberries and raspberries, 
Rubus; currants and gooseberries, Ribes; 
strawberries, Fragaria; various cactus fruits; 
wild plums and cherries, Prumis; haw¬ 
thorns, Crataegus; crabapples, Malus; per¬ 
simmons, Diospyros; mesquite, Prosopis. 
Indians also ate, raw or cooked, the flowers 
of many species, including the redbud, 
Cercis canadensis; milkweed buds, Ascle- 
pias; and Spanish bayonet, I ucca. For 
greens or potherbs almost anything tender 
and not fibrous was eaten, raw or, more 
commonly, cooked. Included were milk¬ 
weeds, clover, Heracleum, Oxalis, Caltha, 
Montia, Phytolacca, and so on. Wild 
“grains” consumed included: wild rice, 
Zizania aquatica, now available on the mar¬ 
ket; cane grass, Phragmites communis; and 


seeds of goosefoot, amaranth, F.oasa, mints, 
and composites, often mixed with corn 
meal. Roots and rhizomes used, particularly 
for winter fare, included: wild onion, Al¬ 
lium; mariposa, Calochortus; camass, Ca- 
massia esculenta; spring beauty, Claytonia 
virginica; Trillium; trout lily, Erytliro- 
nium; Jack-in-the-pulpit, Arisaema tripliyl- 
lum; arrowhead, Sagiltaria; cat-tails, 
Typha; wild sweet potato, Ipomoea pan- 
durata; bracken fern, Pteridium aquilinum; 
and many others. 

Presumably the American Indian is of 
Mongoloid ancestry, having first migrated 
to the New World many thousands of years 
ago and established there an agriculture 
independent of the Old World. It is intei- 
esting to note that in their period of New 
World hegemony the Indians domesticated 
more than twenty species that are now 
important world crops, whereas the white 
man, in his -150 years of New World oc¬ 
cupancy, has not taken a single important 
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An assortment of Old World fruits and vegetables. (Courtesy Chicago Natural 

History Museum.) 


food plant from the wild. New World con¬ 
tributions to agriculture are listed in Table 
17; the most important of these are potatoes, 
maize, manioc, sweet potatoes, garden and 
lima beans, squashes and pumpkins, to¬ 
matoes, peanuts, and chocolate. 

Present-day agriculture by continent. 
Africa. African agriculture is chiefly tropi¬ 
cal, practiced in a primitive manner over 
most of the continent on small native plots. 
In parts of equatorial Africa forest is felled 
and planting still done with pointed sticks. 
Implements are crude, and plowing usually 
accomplished by human rather than by 
animal effort. Little fertilization is prac¬ 
ticed, and continuous cropping usually ex¬ 
hausts the soil in a few years. More modern 
agricultural methods have been adopted in 
South and West Africa, but even there 
erosion and soil depletion are severe. North 
Africa is semiarid, and nomadic animal 
mg is the rule rather than agriculture 
Over most of tropical Africa only sufficient' 
i°°d is grown to meet necessities; there are 
no storage or profitable disposal means for 
excess food. Land is usually owned by the 
tribe rather than by individuals. 

Typically, mixed planting is practiced. 


Cereals may be planted with legumes, maize 
with sorghum, and yams with okra. Cereals, 
particularly hard and soft wheats and bar¬ 
ley, are the chief food crops of North 
Africa (Mediterranean coast and Nile Val¬ 
ley), with some attention being given sub¬ 
tropical trees and vines (olive, dates, 
oranges, and the like) and truck crops. In 
tropical Africa foreign administrators have 
encouraged export crops (palm oil, cacao, 
bananas, peanuts, coffee) for income and 
taxation benefits, but crops for local con¬ 
sumption are usually cereals and starchy 
roots (maize and yams near the coast; sor¬ 
ghum, millet, manioc, and sweet potatoes 
inland; rice along rivers). Eggplants, toma¬ 
toes, beans, plantains, pineapples, paw¬ 
paws, and peppers are frequent. South 
Africa, mostly pastoral, relies chiefly on 
cereals (maize), legumes, and forage crops. 

Asia. As in discussing world forests, so 
with food plants, it is impossible to charac¬ 
terize so vast a continent as Asia. Consider¬ 
ing adjacent East Indian islands along with 
the Malaysian area, taro or dasheen. manioc, 
nee and bananas are supreme as local 
oods. In Japan barley and rice perhaps hold 
fim place. In China rice, wheat, soybeans, 
maize, and vegetables are very frequent. 
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Table 17 

New and Old World Food Plants Before 1492 


Xew 

World 


Old World 


maize 

pumpkin 

wheal 

onion 

wine grape 

manioc 

peanut 

rye 

garlic 

apricot 

lima bean 

chayote 

barley 

spinach 

peach 

potato 

papaya 

oats 

eggplant 

olive 

sweet potato 

avocado 

millet 

lettuce 

fl K 

kidney and 

pineapple 

sorghum 

endive 

almond 

other beans 

custard apple 

rice 

celery 

quince 

tomato 

sotirsop 

buckwheat 

asparagus 

pomegranate 

gicen pepper 

cherimova 

# 

turnip 

peas, various 

watermelon 

Jerusalem 

gua\a 

cabbage 

soybean 

cucumber 

artichoke 

chocolate 

rutabaga 

broad bean 

banana 

sunflower 

cashew 

chard 

dasheen 

orange 

quinoa 

sapote 

mustard 

yam 

lemon 

squash 


radish 

apple 

lime 



beet 

pear 

date 



parsnip 

plum 

mango 



carrot 

cherry 

clover 



breadfruit 

alfalfa 




mangosteen 

blue-grass 

• 


India, 80 per cent agricultural, supports a 
wide diversity of domesticated plants, in¬ 
cluding rice, maize, manioc, wheat, millet, 
sugar cane, and many subtropical fruits. 
Western and northern China is largely a 
land of nomadic herdsmen; and Siberia has 
an insignificant agriculture. In the cher¬ 
nozem plains of southwestern Asia some 
of the most important cereal lands of the 
world are found. There wheat and other 
small grains are the staples among foods. 

Over most of Asia agriculture is carried 
out by hand, in a manner nearly as primi¬ 
tive as in Africa. So concentrated is the 
population in India, China, and Japan 
that the most effective possible use must 
be made of what arable land there is. For 
example, the Chinese are noted for trudging 
many miles to carry sewage to the small 
home plot—a source of fertilizer that in the 
United States is for the most part wantonly 
flushed into the rivers. But in spite of the 
crying demand for intensive agriculture, 
agronomic learning, tools, mechanical de¬ 
vices, and selection of high-yielding crop 
strains are usually lacking, with the result 
that the land yields somewhat less than 


capacity. The local farmer, plowing crudely 
by hand or with a bullock, can seldom afford 
to eat the better crops he grows. These must 
be sold to provide the merest necessities of 
life, and the cheaper foods consumed in¬ 
stead. In Japan, for example, the rice 
grower must often eat cheaper barley; in 
India products in demand on the world 
market may be cultivated at the expense of 
food badly needed locally. 

Australia. The subcontinent of Aus¬ 
tralia, 40 per cent desert and almost an¬ 
other 30 per cent suited only to pasturage, 
can support a large population only in the 
eastern coastal areas. Perhaps no more than 
1 per cent of the total land area is culti¬ 
vated, and this is planted mostly in wheat. 
Most agricultural income is derived from 
pastoral pursuits, particularly the produc¬ 
tion of wool, on natural range. Where 
agriculture is practiced, modern methods 
and mechanized means are used, as in 
North America. 

Europe. Europe has exerted inordinate 
influence upon world agriculture. First, the 
great colonial powers of Europe-especially 
Spain, Portugal, Holland, France, and Eng- 
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(Courtesy Chicago Natural History Museum.) 


Basin), oats (especially in Fiance, Germany, 
and Poland), rye (especially in Germany 
and Poland), barley (especially in central 
and southern Europe), and mai/e (especially 
in Rumania, Yugoslavia, and southern Rus¬ 
sia). Fresh fruits and nuts, legumes, sugar 
beets, and forage for the dairy industry are 
also very important, especially in western 
and northern Europe. Olives are much 
grown in the Mediterranean area. The soils 
and climate of Europe encourage, on the 
whole, diversified agriculture. The diet of 
northern Europe is less than half cereals 
and potatoes; animal and dairy products, 
fats and oils, sugar, fruits, and vegetables 
make up almost as large a proportion. But 
in the Balkan area cereals and potatoes 
account for about three-fourths of the diet. 

North America. From Panama through 


Mexico, and in the West Indies, agriculture 
is largely a matter of a small home plot, 
worked by hand with primitive tools. Ex¬ 
ceptions are the larger fincas and planta¬ 
tions, usually controlled or operated by 
foreign interests. On these may be found 
modern mechanized equipment and ad¬ 
herence to conservation and fertilizing prac¬ 
tices. The principal foods produced on 
plantations are bananas and sugar, both for 
export. In the small home plots the primary 
crops are maize and beans; but also squash, 
peppers, tomatoes, bananas, and in suitable 
environments potatoes, rice, citrus and other 
fruits, and various vegetables are grown. 
The chief staple in the Mexican Meseta 
Central now as in Aztec times is maize. Most 
of Latin America is barely self-sufficient in 
food production, and countries with large 
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exports such as Cuba (sugar) must in com¬ 
pensation import basic foods (rice, wheat). 

The United .States and Canada offer a 
spectacular example in world agriculture of 
how ever-increasing mechanization has com¬ 
pensated for high manual labor costs and 
permitted farmers of this continent to real¬ 
ize an unprecedented standard of living. 
Tractors, combines,* mechanical pickers, 
and ready means of transportation make the 
efforts of one man more productive than 
those of multitudes in less mechanized coun¬ 
tries. Several agricultural "belts” corre¬ 
sponding more or less to climatic zones 
exist, notably the wheat belt of the some¬ 
what arid Great Plains, from Central 
Canada to Texas; the corn belt of the more 
moisted warm Midwest, centering in Iowa 
and Illinois; the diversified crop lands of 
the East and Far West; and the citrus groves 
of Florida and California. Rice is grown 
with the help of mechanized equipment in 
the lower middle Mississippi Valley, peanuts 
throughout the South, soybeans in the Mid¬ 
west, field beans in the North and West, 
peas in the North (particularly Wisconsin),’ 


and various truck crops over the entire area. 
Varying forage plants are also grown 
throughout the area, and many of the pri¬ 
mary crops raised are utilized industrially 
rather than directlv as human food. The 
United States and Canada are among the 
world’s greatest food surplus countries, and 
together with Argentina provide perhaps 
95 per cent of the grains and soybeans en¬ 
tering international trade. 

South America. Latitudinally, South 
America extends from about 12° north of 
the equator almost to the Antarctic Circle; 

11), from the equatorial lowlands 
of Amazonian Brazil to the high Andes 
along South America’s west coast. Ob¬ 
viously, habitats are diverse and ex¬ 
treme, and concomitantly the agriculture. 
Throughout the tropical lowlands manioc 
is the staple food. It is usually accompanied 
by beans, pumpkins, tomatoes, bananas, 
pineapples, and other tropical fruits, and, 
where feasible, by maize and rice. Cacao is 
much grown on the east coast of Brazil, as 
is coffee in the south. Southern South Amer¬ 
ica, including the plains area of southern 
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Brazil, Uruguay, and Argentina, is largely 
pastoral, but produces large export quan¬ 
tities o! maize, wheat, and other cereals. 
Andean South America cultivates several 
loot! plants unknown in any other part of 
the world, such as quinoa, oca, anyu, and 
vautia, but also relies heavily on the well- 
known potatoes, beans, maize, and veg¬ 
etables or fruits already listed for the 
lowlands and for Central America. 

In southern South America some me¬ 
chanical and scientific progress in agricul¬ 
ture has been made, but over most of the 
continent hand labor with but the crudest 
of tools is the sole means of food produc¬ 
tion. Much of the area is wilderness; and of 
the cultivated land, title to the majority is in 
the hands of absentee landlords. Many agri¬ 
cultural workers are ill-educated and have 
little interest in conserving the land, forest 
is cleared or burned where possible, and 
manioc or other foods planted and cared for 
more or less inefficiently. On the whole, 
tropical America imports more food than 
it produces, but temperate South America 
is an area of heavy surplus. 

The future of world agriculture. Much 
attention has recently been given to the old 
Malthusian hypothesis that world popula¬ 
tion will eventually outstrip world food 
supply. Is it really inevitable that famine 
must come to the world? No one can predict 
the answer to that long-term question with 
certainty, but indeed the future does look 
bleak unless man can be made to regulate 
his actions in the same degree to which he 
has controlled the physical world. Two steps 
must certainly be taken: there must be 
some kind of population or birth control 
and the wastage of resources must be stop¬ 
ped. If these can be effected, doubtless 


intelligent and improved utilization of the 
world's wealth of plant cover can assure a 
high standard of living to a peaceful globe. 
Certainly the ever-increasing tendency to¬ 
ward agricultural mechanization should re¬ 
sult in greater leisure and comparatively 
lower costs. The reason the North American 
farmer has been able to attain his enviable 
competitive position lies in the ever greater 
degree of mechanization achieved, a trend 
that has probably not yet reached its peak. 

Undoubtedly, however, surplus-shortage 
problems will continue to plague mankind 
as long as the world is short of Utopia. 
Again, no one knows for certain the cure 
for farm surplus and "poverty amidst 
plenty." In the United States there has been 
a rapid swing toward government manage¬ 
ment of farm products, involving acreage 
control, farm price supports, parity-and 
all the advantages and ills that go with these 
measures. Many experts visualize for the 
United States increasing reduction in farm 
size and greater diversification of crops, 
with an approach to the efficient land hus¬ 
bandry of northern Europe. If such is to 
come, there may be a healthy trend toward 
better land management, with rural dwell¬ 
ers taking a more personal interest in their 
land and with a lowering of the barriers 
between country and town. Barring a ca¬ 
lamity of some sort, there seems to be no 
likelihood of famine in crop-surplus coun¬ 
tries lor decades to come; but in over- 
populated countries such as China, India, 
and Japan famine will continuously stalk 
the countryside. Gifts of food, improved 
agriculture, better crop strains can at most 
ameliorate this ill, for famine is the natural 
check where populations are not voluntarily 
controlled or where plant growth becomes 
impoverished. 
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CHAPTER 16 


The Cereals 


No CROUP OF FOOD PLANTS HAS BEEN SO 

important to mankind as the cereal grains. 
Cereal products are the staff of life to most 
temperate and many tropical peoples. With¬ 
out them modern civilization could not 
exist or the modern economy function. As 
was said in the previous chapter, cereals 
were nearly indispensable in primeval civi¬ 
lizations, and their production today, in a 
world of two billion or so people, must be 
calculated in millions of tons. 

The__true ce_reals_cpm e entirely from th» 
grass family , the Cwmmin*n r although 
pseudo-cereal s such as buckwhea t (Fago - 
Py r,lm > Polygonaceae ) are~~sometimes listed 
with themTThe gram constitutes a f ruit In 
which the dry ovary wall closely invests an d 
fu ses^ with th e single seed an d its coats. 
Grainsjisually occur i n rather conrentrated 
clusters, which now may be mechanically 
harvested and the individual seeds freed 
from their surrounding hulls by utilization 
of a variety of ingenious machines. Grains 
are easily handled and kept, a circumstance 
that makes them pre-eminent among foods 
that can be stockpiled. They possess a con¬ 
centrated store of food material, largely 
carbohydrate but containing some protein, 
oU, and vitamins. Foods with higher water 
content, such as potatoes, manioc, or various 
vegetables, cannot be stored and handled 
lke S™ 11 w ‘fbout special care and drying. 


All the races of the world have had grana¬ 
ries, and primitive peoples propitiated the 
gods with gifis of grain: the word “cereal" 
itself stems from Ceres, the goddess con¬ 
sidered the giver-of-grain by the ancient 
Greeks. To her were made offerings of 
wheat and barley. 

The cereals to be considered in this chap¬ 
ter include maize or corn, wheat, rice, oats, 
barley, rye, sorghum, and millet. The first 
three are by far the most important and 
merit greatest attention. Of these corn is 
the premier cereal of die New World, par¬ 
ticularly in warm temperate (summer) and 
subtropical climates; wheat is a contribu¬ 
tion from western Asia and Europe to tem¬ 
perate climates alone, where modest rainfall 
and cold often limit the usefulness of maize; 
rice is the pre-eminent tropical cereal, the 
basic food source for perhaps the greatest 
portion of the world’s peoples 

'T 

1. Maize, corn, or Indian corn. The 

history of maize, Zen mays, is shrouded in the 
obscurity of antiquity. So different is maize 
from any known wild plant that it has been 
impossible to consider any present-day spe 
cies « ^stral. In fact, the plant has been 
so selected for yield, husks, and other char¬ 
acteristics that it could not survive today 
except as planted and cultivated by man. 

In turn, it may be said that in die New 
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Grinding maize for tortillas. (Courtesy Chicago Natural History Museum.) 


World, before its discovery by Columbus, 
man could have ill afforded to lose maize, 
the baste foodstuff over most of North 
America and much of South America./Au- 
t lorities are not in .agreement as to the place 
" or, S ,n oj maize, alth ough most concede 
its spread fr om an Andean center in north- 
westernTouih America and perhaps (later?) 
ro '" anol hei in not theriTCentral America 
and Mexico. There Justeen speculation 
that maizejnaj ^iavecrosse3~tKe~ 7rm^al 

, front t he Burm a area with seafaring 
Peoples, to bMaiiruTtea on its~“spectTcular 
career from the Peruvian coast of South 
America. Possibly we can never learn the 
, b , e S innin 8 s of this important grain 

hamP U k U I 1 ' 5 * n historic times Progressed 
" d m hand with man until a world today 

ependent upon many millions of tons 


of a cereal that cannot exist unaided in 
the wild.) 

The American Indian before 1192 did 
not use beasts to pull and carry, except oc¬ 
casionally the dog and the Hama. Conse¬ 
quently their staple food, maize, was 
planted, protected, harvested, and carried 
to population centers wholly by human 

6 . 1 la nting^ was__ usually by means of 
a stick with which in 


moumgoTwi j an'l four or f, ve ^ 
ntsertetblf available^ 

I" 6 ' 1 ' ^ ad ded as a fenilirer. fZ„' .. 

■ntc.r.ops onsjTi^r^r^ 

planted. Cultivation to keep needs i„ check 
«s also by hand, with but the most p, hni- 
ol tools, die most advanced of which 
Was a North American hoe fashioned from 
the shoulder blade of a bison. Gathered 








THE CEREALS 



.'568 


Maize taken from ancient Peruvian graves. (Courtesy 
Chicago Natural History Museum.) 


maize was consumed "green" as succotash 
or roasting ears, or more commonly the 
dried, matured grains were stored, usually 
in communal cribs, until needed. Then they 
were made into hominy (with wood ash 
lye), or were laboriously hand-ground (in 
mortars or “metates”) and the corn flour 
utilized to make a number of dishes, such 
as are still eaten today in the American 
tropics (viz., pinole, tamales, tortillas, mush, 
and the like). And when the white man 
came, he merely took over Indian methods 
of maize growing, with certain mechanical 
improvements and eventually with powered 
grinding mills, devised by peoples familiar 
with the principle of the wheel. (American 
Indians did not know the wheel, using the 
principle of the sled for transportation.) 

New World maize has never been very 
popular lor making bread, inasmuch as the 
flour lacks the binding gluten present in 
wheat that permits the baking of a cohesive 
loaf. Thus rejected as a direct human food 
by much of the civilized world, maize none¬ 
theless filled a world need for suitable 
stock feed, a need unsatisfied by Old World 
grains. The superiority of maize as a stock 
feed was quickly recognized by the white 
man, and selected strains of this species 
spread to all acceptable environments. 
Maize culture is thought to have reached 


Maize depicted on ancient Peruvian pottery. 
Mochica. 900-1000 a.d. (Courtesy Chicago Natural 
History Museum.) 

the southern United States before 700 a.d. 
and the northeastern United States about 
1000 a.d. The Portuguese explorers pre¬ 
sumably introduced it into India, China, 
Malaya, and the East Indies during the 
sixteenth and seventeenth centuries, about 
the same time it spread overland via Tur¬ 
key, Arabia, and Persia. Not much later 
maize also came to replace millet in Africa. 
*Today in many regions man consumes most 
'cjP'his maize indirectly as meat or dairy 
products. In the United States over half 
the maize crop never leaves the farm, and 
most of this is fed directly to animals, to 
become pork, beef, milk, and cheese under 
an integrated system of animal husbandry. 
North America alone produces annually 
between three and four billion bushels of 
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this primary feed grain, about half the 
world's total crop. Elsewhere, as in Mexico, 
China, and India, most of the crop may be 
consumed directly by human beings. Men¬ 
tion has also been made in other chapters 
of products derived from corn, including 
oil, starch, beverages, and various chcnnirgic 
products. 

^Modern maize probably developed from 
some pod-corn-like ancestor. Pod corn can 
be found in some of the earliest archeo¬ 
logical deposits. It is "primitive" in that 
each grain retains its own enclosing husk. 
Likewise, popcorn has been found in an¬ 
cient graves. Genetica ] evidence indicates 
that the ancient types of maize probably 
hybridized several times with maize rela¬ 
tives such as T r ipsa cum and Euchlaena, 
and perhaps with unknown strains of maize 
now extinct. The surviving types, as re¬ 
ceived by the white man from the Indian, 
include the largely artificial categories of 
(1) P opcornsJ whh kernels that burst upon 
heating), (2) Flint Corns (with kernels of 
hard starch), (3) Flour Corns (with kernels 
of soft starch), (-1) Dent Corns (with kernels 
of hard starch capped by soft starch), and 
(5) Sweet Corns (with sugary kernels much 
consumed in an immature state for human 
food). The dent characteristic is usually 
associated with productivity, and in the 
North American corn belt maize other than 
of the dent variety is almost a curiosity. 
In this corn belt Iowa seeds annually some 
eleven million acres to dent corn, followed 
by Illinois with nine million and Nebraska 
with better than eight million. Flint corns 
are grown particularly in the northern 
United States, and die flour corns in the 
South. Popcorns are grown mostly in west¬ 
ern Iowa, and sweet corn particularly in 
the northern corn belt. Of the total crop 
land of the United States, about 27 per cent 
in devoted to maize. 

The maize plant is a coarse grass whose 
main root system derives from prop roots 



Samples of modern maize. Shown from left to 
righi, top and bottom, arc cars of pop, (lint, flint, 
dent, flour, and sweet corn. (Courtesy Chicago Nat¬ 
ural History Museum.) 

arising from the first few nodes above the 
ground. The main stalk may bear basal 
side branches, the tillers, which appear in 
no way to lessen yields. The staminate 
inflorescence or tassel appears at the top 
of the stalk; the pistillate inflorescences or 
ears laterally along the stalk, covered by 
protective leaves or husks. The silks are the 
styles from individual flowers, and when 

pollinated cause maturation of the seeds 
or grains. 

Maize is grown in modern America al¬ 
most entirely with m echanical equ ipment, 
as a clean-cultivated row crop, one that 
exhausts the soil and encourages erosion 
on all but near-level land. Because of its 
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effect on the soil, maize lias been considered 
by some not one of the plant world's great¬ 
est boons to man. but a ubiquitous prof¬ 
ligate of man's greatest wealth, a lertile 
topsoil. Corn is typically drill-planted in 
checkrows about 3 It. apart, at rates of 
about 7 Ills, of seed per acre, in well-pre¬ 
pared seed bed. 1 he rows are not deeply 
cultivated (corn is shallow-rooted). Matura¬ 
tion occurs during the hot summer weather 
when mean night temperatures exceed 55° 
F., with differing varieties adapted to differ¬ 
ing climatic belts and shorter or longer 
summer seasons. Harvesting was formerly a 
hand operation, the entire plant being cut 
for silage or shucked, or individual ears 
being pulled by hand from the stalks. More 
recently, mechanical corn pickers usable for 
the uniform "hybrid" corn of the corn belt 

J 

have come into general use. 

In very favorable circumstances yields of 
over 200 bushels of mai/e per acre are pos¬ 
sible, but the average in the United States 
as a whole is nearer 25 bushels per acre. 
Tons of silage obtained per acre average 
roughly one-fifth the bushels of grain ob¬ 
tained per acre. In the southern United 
States it has been customary to top corn 
plants above the ears for fodder. This prac¬ 
tice has been shown to be uneconomical, 
decreasing grain yields and requiring in¬ 
ordinate labor. Tassels, however, are very 
nutritious when used iu ^cattle ' feeds, con¬ 
taining as they Mo^many times as much 
vitamin content as ij uy gra in itself. Like¬ 
wise, yellow grain has been proved to be 


of higher vitamin content than white. 

One of the recent big businesses is that 
of hybrid corn seed protl uctipn. Developed 
in tfuTtwentieth century against the opposi¬ 


tion of those favoring established proce¬ 
dures, hybrid corn revolutionized cornbelt 
corn growing almost overnight, once it had 
become established. Hybrid corn offers not 
only higher yield, but uniform plants bred 
to specification for mechanical handling. 
The principle involved is the crossing of 
inbred strains. Maize strains are notoriously 
variable, a fact which accounts in part 
for their vigor. There was much scoffing 
when “pure" scientists of the early 1900’s, 
notably Shull_ and East, j heori/ed that if 
pure inbred biotypes could be established, 
these could be crossed (recombined) in pre¬ 
dictable fashion. Strains of maize from all 
sources were later isolated by self-breeding 
for a number of generations, during which 
aberrant or atypical plants were discarded. 
More or less true-breeding lines thus become 
established within about six generations. 
Certain of these have been empirically 
found to give much larger, more vigorous, 
and higher-yielding offspring when crossed 
or hybridized with other inbreds. Seed from 
such a suitable inbred cross can be sold to 
farmers at a premium. Hybrid corn com¬ 
panies have taken to developing a double 
cross, to give higher yields of hybrid seed. 
Inbred strain A is first crossed with B, and 
C with I); the offspring show hybrid vigor 
and high yields. Then (A X B) is crossed 
with (C X D), to give immense yields of 
hybrid seed. This seed, which is marketed, 
will not, of course, breed true; fresh seed 
must be repurchased periodically from the 
seed specialists. The inbred strains are main¬ 
tained in isolation from other pollen, or are 
hand-pollinated to maintain the line. 
Crosses are made by planting each strain 
in adjacent rows, detasseling* the strain to 


• Detasseling in the hybrid coin industry is of course a seasonal operation Usually woman or s, "‘ le "‘ 
labor is utilized, a corps of workers moving through the corn field w„h portable adders o^h 
drawn platforms, cutting oil the tassel of the corn that is to become the female parent .Steal 
the female parent can be pollinated by a single row of vigorous first-gencratton-cro^ ma^ja^_^ 
Recently "pollen-less'' strains of corn have been developed that hold promise g 
advances in the hybrid corn industry. 
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Ancient wheat gathered in an archeological site 
in Iraq by the Field Museum-Oxford University 
expedition. (Courtesy Chicago Natural History 
Museum.) 


become the seed parent and permitting 
wind pollination of the silks from pollen 
of the other strain or parent. 

It has been mentioned thatUvorld maize 
production comes chiefly from the eastern 
half of the United States. Other producing 
regions of moment are Argentina (the great¬ 
est exporter of corn), China, the Balkans, 
Java, and to a lesser extent Mexico, Brazil, 
Italy, the USSR, and India. Total world 
production amounts to about 200 million 
tons annuallyy 


2. Whea t. Wheat, the second of the 
three great cereals and one of the two bread 
cereals (the other being rye), feeds Tem¬ 
perate Zone peoples o f five continent s, if 
maizeIsThe 'prime gift of the New World 
to the Old, wheat can be considered ajgjr 


exchange fro m the O ld World to the Ne w. 
It was first introduced into this continent 
about 1520, by the Spaniards in Mexico 
and soon after was introduced to Virginia 
by English colonists. The American wheat 
belt is today as important to the economy 
as is the corn belt, with production of wheat 
in the Unite d Sta tes totaling more than 
three-quarter billion bush els annually, prin¬ 
cipally from the Ohio Valley, the Prairie 
States, and eastern Oregon and Washing¬ 
ton.*} World production is nearly 6 billion 
bushels, over 150 million ton s, mostly from 
the midwestern United States and Canady, 
northwest ern Europe, sou theastern Eur ope 
including t he Ukrai ne,_ Argentina , north¬ 
eastern China , southeastern Australia, and 
n orthwestern India. Of these great produc¬ 
tion areas, only the United States, Canad a, 
Argentina, Austral ia, and to a lesser extent 
Russia exp ort much o f the crop. 

Wheat is typically a crop of cool clim ates 
with modest rainfal l (less than 30 inj/A 
combination ol high temperature a nd high 
humidity is almost invariably jatal to the 
crop. The world’s greatest harvests come 
from g rassland soils and climates. Wheat 
planted in autumn is remarkably winter- 
hardy, except under the most severe con¬ 
ditions when a snow blanket is lacking. 
Plants tiller well, giving many stalks and 
hence many seed heads, in cool spring 
weather, early in the plant's growth. Wheat 
grown in humid regions usually produces 
soft and starchy grain, giving a "weak” flour. 

IWhen man first began to cultivate wheat 
many thousands of years ago, presumably 
in the Mediterranean area.f other consider¬ 
ations than that of mere yield were to guide 
his selections. Wheats were destined to be- 


• Kansas is .he leading win.c. wheat s.a.e; No,.h tie'“phni.es and 

t Bread wheat is known to have been grown in the Nile > ) Presumably this evidence 

ndus valleys by 1000 b.c.; in China by 2500 b.c.; in England b> 2000 ^ ™ J .he spread of 

ndicatcs diffusion from Mediterranean centers of ^^To^caTt' ^ Vavilov "believed soft wheats to have 

“ no,,,, —■ - — 

\sia Minor. 
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come the staple food in many diverse cli¬ 
mates, where they were subject to attack 
by mam diflerent diseases and were bar- 
vested by vaiious means. Varieties to meet 
these varving conditions were inevitably 
selected. Ancient man in the world's first 
civilizations developed most of the suitable 
species and botanical varieties in use in the 
modern world, but the modern plant 
breeder has had his hands lull to maintain 
suitable strains in the continuing fight for 
increased production. Particularly is this 
true with regard to resist ance to wheat rust. 
Puccinia inn minis, a Basidiomycete. Many 
are the wheat strains bred more or less 
resistant to this rust only to be abandoned 
a lew years later as muta ti ng rust strains 
again attacked the pl ain. Perhaps of the 
many hundreds of named varieties ol wheat 
in use today only a few will still be im¬ 
portant in the agricultural economy of 


tomorrow. 

The idant called whea t ; is a complex 
‘combination ol the several uncertain species 
comprising the genus Triticum, Two of 
these (T. won wom/m,'Einkorn ; T. aegilo - 
poidrs ^\ yjld wheat ) are diploid. (2n = 14), 
about nine are t etraploid (T. di coccoide s, 
wild emmer; T. dicoccum, emmer; T. du¬ 
rum, durum or macaroni' wheat; T. pyra- 
midale, Egyptian cone wheat; T. polonicum, 
Polish wheat; T. turgidum, poulard or 
rivet wheat; T. orientate, Khorasan wheat; 
T, antiquorum-, and T. timopheevi), and 
four are hexaploid ( T. aestivurn = T. vul- 


gare = T. sativum, bread wheat; T. com- 
pactum, club wheat; T. spelta, spelt; T. 
sphaerococcum, Indian dwarf wheat). Ap¬ 
parently there has been natural crossing in 
the wild between the Hordeaceous Agro- 
pyron, Triticum, and Aegilops; and the 
modern wheats are believed to contain 
genes from species of these genera. The 
tetraploid wild wheat, T. di coccoid es^ may 
have resulted from a cross of T. aegilops 
with an unknown species of Agropyron, and 


in turn may have been an ancestor of spelt 
wheat (by an Aegilops cross?) and T. orien¬ 
tate. T. aegilops may likewise have given 
rise to T. monococcu m, which in crossing 
with Agropyron tri lice urn yielded the |ptra - 
ploid T. antiquorum, perhaps an ancestor 
of modern tetraploid wheats and part an¬ 
cestor (by another Aegilops cross?) of hexa¬ 
ploid wheats. The hypothetical linea ge of 
several wheat species is given in Table 

i8. n 

Einkorn wheat, T. monococcum , is un¬ 
usual in that it produces a single seed in 
each spikele t. It yields a scanty harvest, but 
will grow in poor, rocky ground ;fnd is still- 
cultivated to a minor extent in iwuntain- 
ous areas of southern Europe. It Has been 
found in Swiss lake dwellings of the Stone 
Age, and so boasts a considerable domestic 
antiquity. Emmer, T. dicoccum, was cul¬ 
tivated by the ancient Mediterranean peo¬ 
ples, and has also been identified in Swiss 
lake dwellings. It is still cultivated to some 
extent in mountainous Europe and to a 
very limited extent elsewhere (viz., the 
Dakotas, as a livestock feed). Spelt, T. spelta, 
like emmer and einkorn, retains its glumes 
when threshed, and finds minor use only 
as stock feed. It is said to be cultivated still 
in northern Spain. Polish wheat, T. polo¬ 
nicum, curiously not indigenous to Poland, 
is cultivated in southern Europe and North 
Africa. The grain, of no value for milling, 
falls readily from the head. Poulard (rivet 
or English) wheat, T. turgidum, does not 
yield heavily and is of only slight economic 
importance. Club wheat, T. compactum, 
has been most grown in Chile, the Far West 
in the United States, and India. The spring- 
sown durum, T. durum, finds considerable 
use as a semolina or macaroni wheat, be¬ 
cause of its high gluten content. It is grown 
principally in Spain, Algeria, the Ukraine, 
India, and in the northern wheat belt of the 
United States. Bread wheat ( T. aestivurn = 

sativum = vulgare) occurs in innumerable 
y 
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Table 18 

Tentative Derivation and Chronology of Wheat 
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varieties, among which are many famous 
names (Marquis, Red Fife, and so on). This 
is the chief commercial species today, but 
it is one not known in the wild. 


Bread wheats are separated into two 
primary groups on the basis of their mode 
of cultivation. These groups are termed 
s pring, wheats and winter wheats. Spring 
wheats require at least a JOO-day g lowing 
season, and are usually sown in Marc h for 
harvest in autumn. They are grown in 
coldgr^gions, such as the northern wheat 
belt of the United States and Canada) Only 
barley, among cereals, can be grown in 
colder climates than can spring wheat.(\Vin- 
ter wheats may be cultivated where au¬ 
tumnal rains are favorable and winter 
climates less severe^ In North America they 
are planted in the southern wheat belt in 
September for harvest the following July. 


The hard red and durum wheats are mostly 
grown in the spring wheat belt, and soft 
or hard red winter wheats in the winter 
wheat belt. Yields of all wheats average 
about 17 bushels per acre in the United 
States (19-14), but on intensively managed 
lands may reach 30 to 40 bushels. 

In the United States winter wheat' is 
typically drill-planted on land that is 
plowed in summer or in autumn. Summer 
fallow usually aids in soil moisture storage, 
often of paramount importance for drier 
prairie land. Spring wheat must be planted 
as early as the soil can be worked, to obtain 
the necessary length of growing season. In 
the earliest recorded cultivation of wheat, 
the grain was broadcast by hand, thickly 
enough to discourage weed growth, as it 
still is in a few parts of the modern world. 
Perhaps cattle were used to trample the 
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A landscape in wheat country. (From Fundamentals of Economic Geography by 
Bengtson and van Roycn. New York. Prentice-Hall. Inc.. 1950.) 


seed into the roughly cleared or burned- 
over soil. Harvest was accomplished with 
bone sickles wielded by man or woman, 
and the cut stalks were bound into bundles, 
as they frequently are today throughout the 
world. Threshing consisted of trampling, 
beating, or flailing the grain free from the 
straw and hulls. The chaff was removed by 
winnowing-tossing the grain into the air 
to let the lighter hulls blow away. These 
very principles have been incorporated into 
the modern combine. In the United States 
most wheat is now combine-harvested. In 
early summer many combines and combine 
crews start in Texas and Oklahoma, work¬ 
ing on the winter wheat crop, and gradually 
move northward as the wheat matures, 
eventually in autumn harvesting the spring 
wheat of the northern United States and 
Canada. 


•''The wheat plant is an annual, probably 
descended from a perennial. Its root system 
is fibrous, consisting mostly of the important 
adventitious roots. From the base of the 
plant several tillers (late ral branches) grow, 
each characteristically bearing a seed head 
and developing its own adventitious roots.' 
About six nodes to the stem are usual, with 
the internodes invested by the leaf sheaths. 
Varieties with strong stems and abundant 
adventitious roots are preferred, since they 
will not lodge (fall over) as readily and 
thus do not present difficulty in harvest. 
The inflorescence in wheat is a terminal, 
compound, distichous spike. In most va¬ 
rieties the axis is not brittle, a condition 
that in spelt, emmer, and other wheats 
causes the spikelets to disarticulate. The 
flowers are usually perfect and self- 
pollinated, one to five to each spikelet. 







THE CEREALS 


rn 


The wheat grain, like the corn grain, con- cent c arbohydrat e, and the remainder 
sists of a small, oily embryo or “germ” at mostly mineral matte r an d moisture. Hard 
its lower end, with the single cotyledon wheats generally average 13 to 16 per cent 
applied against the starchy endosperm, and protein, soft wheats 8 to 11 per cent. Wheat 
this in turn surrounded by the protein- is higher in protein by a slight percentage 
aceous aleurone celjs a nd finally the husks (and a little lower in fat and carbohydrate) 
(remains of nucellus and integuments and than is mai/e. Because of the two binding 
pericarp). The pericarp and aleurone be- proteins, gluten in. and gliaden, wheat flour 
come bran upon milling. The pericarp is suitable for making bread , whereas maize 
amounts to about 5 per cent of the grain, Hour is not. “Stronger" wheat flours are 
the aleurone layer 3 to 4 per cent, the endo- those that contain the higher percentage of 
sperm 82 to 86 per cent, and the germ about protein resulting in a stickier or mor e 
6 per cent. (Qne analysis of wheat gives 14.2 tenacious dough for bakin g, 
percent protein2.4 per cent^fat^SJ per Market classification of wheat does not 

Table 19 
Uses of Wheat * 

Total Used for Fed to Made to Sold 

Production Seed Stock Flour Locally 

9 6 - 63 ' 0 ° 13 786 

* After Wilson. "Grain Crops. 1948 .” L'. S. Department of Agriculture. Agricultural 
Statistics for iga.t. 1941-42 average. Figures arc in millions of bushels, and are rounded 
to the nearest million bushels. 


necessarily bear any relationship to bo¬ 
tanical groupings. The market wheats 
recognized by the U. S. Department of 
Agriculture include: (1) Hard Red Sprittg- 
essentially a bread wheat, used for quality 
flour. The kernels are short, thick, asym¬ 
metrical, hard, flinty, rich in protein, and 
with an “elastic” gluten permitting swelling 
in baking without breakage of crust. In 
the United States such wheat is grown 
chiefly in the northern wheat belt. (2) Hard 
Red Whiter —similar in use and characteris¬ 
tics to the preceding. The kernels are long 
and narrow, symmetrical. In the United 
States it is grown across the continent south 
of the colder regions (Kansas is the leading 
state, with nearly 200 million bushels). 
(3) Soft Red Winter —a comparatively high 
starch-low protein grain, giving an in¬ 
elastic dough used in pastry products rather 
than in bread. The kernel is long and wide. 
Tlqs type of wheat is cheaper than the pre- 

jf; rk »*•****• • 


ceding and may be used as livestock feed. 
In the United States it is grown chiefly in 
Ohio, Indiana, and Illinois. (4 ) Durum ^a 
heavy-bearded, pointed kernel, amber- 
colored wheat, grown like hard red spring 
wheat, moderately starchy (depending upon 
weather conditions), and much used for 
macaroni products. In the United States it is 
grown only in the Dakotas and Minnesota. 
(5) RedDurum -grown in the same area as, 
and simuarto, durum, but used primarily 
for livestock feed . (G).Jj7nfe-unpigmented 
spring and winter varieties, "soft 71 'or starchy 
and poor in protein and gluten, used for 
pastriesj md breakfast foods. I n the United 
States such vanetieTare grown principally 
in the Far West and Northeast. (7) Mixed- 
more than 10 per cent mixture oT any oT 
die preceding types results in uncertain mill¬ 
ing qualities; consequently mixed wheats 
find use chiefly as stock feed. 

The milling of wheat for flour, like the 
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Grain clcvaiors at a modern flour mill. (Courtesy Chicago Natural 

History Museum.) 


milling of any product, involves a pre¬ 
liminary cleaning during which weed seed 
or foreign matter is removed. The grains 
are moistened or “tempered, a process 
that “toughens” the bran and prevents its 
fragmentation. The grains are then run 
between a series of corrugated rollers to 
break or crush the seed. The bran and 


flattened embryos* are screened off from 
the endosperm in shakers, for use in cattle 
feed, and the endosperm fragments or 
middlings are further purified in blowers. 
The middlings, nearly bran-free, are then 
pulverized between smooth rollers to be¬ 
come flour, which may be further treated 
by bleaching. Highest-quality flour is known 


• The oi^ embryo is no, pulverized in roller milling, but ^ 

can he readily screened off. To produce the white ^^.^uctio^of pure sugar, white rice, and the 
involves the same irrational procedures require p f , call i e T | U1S the embryo, high 

like—the most nutritious portions of the grain are and pro!ein-rich 

in fats and vitamins and natural balance for the ^ons. Of course, there 

outer grain coatings arc rejected as unfit for cons (hc k ing quality of the flour would 

is a practical reason for eliminating the germ ro , it retained 60 per cent of the original 

no, he as great. But the stone-ground wheat flour ^ J this reason some breads 

thiamine: modern roller-milled white flout rciai > il nins _„hich had been expensively removed 
are “enriched." by the addition of heal, hful^^JSth could probably be consider- 
i„ milling and arc then expensive y 'replaced “ { ^ itc 8 'flour could be overcome, and if a proportion of 

•«»—* w— ^ f “ A 
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as patent flour. The flour yield in milling 
is about 70 per cent: a 60-lb. bushel of 
wheat should give about 42 lbs. of flour. 
Modern roller milling is in striking con¬ 
trast to the cumbersome methods of earlier 
times, when the pestle and mortar were used 
to beat or bruise the grain into a coarse 
flour. Finer Hours were prepared by re¬ 
peated sievings or grindings in a handmill. 
The old flour mill has now nearly disap¬ 
peared from the United States; it consisted 
of a grooved upper rotating stone which 
turned against another fixed stone, the 
grain being fed into a central cavity. As 
the grain worked out the radiating grooves 
between the millstones, it was pulverized 
to flour. 

In the making of bread, one of the staple 
items of the diet of the world, flour from 
wheat is supplemented by another ancient 
domesticated plant, yeast. Bread has been 
used for so long that it has come to be more 
or less synonymous with food. In Biblical 
times loaves from wheat and barley were 
the principal item of diet. St. Jerome wrote 
in 388 a.d., “He is rich who doesn’t want for 
bread.” Some bread 4,000 years old has 
even been recovered from an Egyptian 
tomb. Bread is made by adding yeast to 
glutenous wheat dough consisting of moist¬ 
ened flour in combination with small quan¬ 
tities of fat, sugar, milk, and salt. The yeast 
ferments carbohydrate material, freeing 
carbon dioxide. As carbon dioxide bubbles 
form, they become trapped in the sticky 
dough, causing it to rise and become as 
it sets in baking (in which the gluten is co¬ 
agulated) the familiar light, porous loaf. 
Various baking powders can be substituted 
for yeast to release the carbon dioxide 
essential in baking. 

•«^The commonest uses of wheat are for the 
familiar foods made from flour-bread, rolls, 
biscuits, muffins, waffles, pies, cookies, maca¬ 
roni, spaghetti, noodles, crackers, dump¬ 
lings, and the like. Breakfast foods and 


beer or other alcoholic fermentations also 
take large quantities of wheat. The bran 
left over from milling amounts to about a 
quarter of United States wheat production, 
and finds important use as a high-grade 
animal feed. Wheat straw finds considerable 
use as a stuffing or weaving material. Wheat 
harvested in an immature state, the “milk 
stage,” can be used as a nutritious and 
palatable forage. Usually, however, whole 
wheat is too valuable to be used as feed. 
Before maize was known to the Old World, 
wheat starch sized the paper and starched 
the ruffles of the Renaissance cavaliers. In 
recent decades niai/e has monopolized 98 
per cent of the starch business, but the 
wet-milling of wheat, a recently perfected 
continuous process of washing the starch 
from gluten dough, still yields special- 
purpose starches. The gluten not so used 
finds abundant employment in adhesives, 
emulsifiers, polishes, meat flavors, synthetic 
vitamins, and the like. 

Except during and immediately after a 
war, there is usually surplus wheat produc¬ 
tion {Recently attempts have been made to 
establish international control of produc¬ 
tion by means of production quotas and 
minimum and maximum price levels. All 
the great exporting and importing countries 
have taken part in the conferences. Ar¬ 
gentina, .however, has been unwilling to 
accept conference quotas; and in 1949 the 
USSR withdrew from the discussions after 
refusing to accept a fifty million bushel 
export quota, insisting on a seventy-five 
million bushel quota. With Argentina and 
the Soviet Union out, import countries sub¬ 
mitted new figures that indicated a total 
demand from participating countries for 
456 million bushels, export shares of which 
were allotted as follows: Canada. 203 mil¬ 
lion bushels; United States, 168 m.llinn- 
Australia, 80 million; F rance, 3.3 milli on: 
Uruguay, 1.8 million. T he 1946-48 average 
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Planting rice in the Philippines. (Courtesy Chicago Natural History Museum.) 


in the international wheat trade (in million 
of bushels annually) was as follows: ex- 
porters—United Sta tes. 123 ; Can ada. 219 : 
Argent ina, 71 ; Austra lia, 60 ; U SSR. 37 : 
importers-western Eu rope, 526 ; Latin 
Am erica, 70 ; eastern Europe, 48; and India. 
40. JT ' -^ 

3. Rice. Rice, Oryza sativa, the third 
of the three great cereal plants, is presum¬ 
ably of Far Eastern origin, although there 
have been advocates of an African center of 
domestication. It has been estimated that 
half the world's population subsists wholly 
or partially upon rice. Thousands of strains 
are known, cultivated or escaped, in India 
and China, although the species has never 
been authenticated in the wild. Domestica¬ 
tion must have first taken place,very long 


ago, for rice is known to have been grown 
in China nearly 8.000 years before Christ. 
Rice has always been primarily a crop of 
the Onent, where even today 9"> per cent 
of the'world's crop is produced-and con¬ 
sumed as well. Rice was introduced into 
the American colonies in 1647, and became 
an important crop in the Carolinas before 
the end of the century. Rice production in 
the United States has remained modest in 
comparison with that of wheat and maize, 
but has undergone the same mechanization. 
Today the South, chiefly Arkansas, Louis¬ 
iana, Texas, with California, produces more 
uce than the United States can consume 
(70 million bushels); the surplus is exported 
to the West Indies, South America, and 
Europe. Efficiency resulting from mechaniza¬ 
tion has enabled domestic growers to under- 
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Growing rice under irrigation (Courtesy Chicago 
Natural History Museum.) 


cut the prices of Oriental rice, raised by 
notoriously cheap coolie labor. 

In the Far East rice is usually the main¬ 
stay on the diet. Annual consumption ol 
200 to ‘100 lbs. per person is not uncommon. 
In contrast. North Amer icans consume a 
mere 6 lbs. p£r person annually. Rice is 
the only one of the great cereals that is 
largely consumed by man directly as har¬ 
vested (alter dehulling and often polishing, 
ol course). Maize, it will be recalled, is to 
a great extent led to animals to be ulti¬ 
mately consumed as meat or dairy prod¬ 
uce; wheat is mostly milled to flour, then 
baked; but rice is usually simply boiled for 
direct consumption. 

I he rice plant is a variable annual ol 
many strains, all of which, however, have a 
chromosome complement of 2 n = 24. Oryza 
saliva is one ol about fu'Cnty speciesTiTthe 
genus. In common with other cereals, rice 
has a root system ol mostly secondary origin. 
Stems are typically about ten nodes tall, but 
may have as many as twenty nodes, with 


the internodes fully or partly covered by 
the leaf sheath. Tillering usually occurs 
from the lower few nodes, the tillers being 
either few or many (there are seven to 
twelve in good strains). The apical leaf is 
broader than the others and is known as 
the “flag," becoming almost vertical as the 
terminal panicle emerges. In most varieties 
the spikelets are solitary, and each ordi¬ 
narily bears a single, self-pollinated flower. 

Rice demands relatively warm tempera¬ 
tures and abundant moisture. Level, fairly 
heavy soils with a more or less impervious 
subsoil, and tropical or subtropical climates, 
commonly meet these demands. The usual 
lowland rice is grown on land submerged 
for sixty to ninety days during the growing 
season. Thereafter the water is drained 
away, il possible, to facilitate harvest. In 
the United States the rice crop is fertilized 
and drill-planted* in spring like any other 
cereal, and then, when the seedlings are a 
lew inches tall, the fields are irrigated. 
About two weeks before harvest the fields 
are allowed to dry, and combines used to 
gather the crop. Harvest is best when the 
moisture content of the rice grains is from 
23 to 28 per cent. Upland rice can be grown 
without irrigation, which costs several dol¬ 
lars per acre for the twenty to thirty inches 
of water needed each growing season, but 
its yields are less than those given by low¬ 
land rice. In parts of South America and 
the Orient upland rice is frequently grown. 
Rice yields lor the United States average 
close to fifty bushels per acre. 

Some interesting ecological oddities have 
accompanied the relatively new practice of 
extensive rice growing in the United States. 
One involves a tremendous production ol 
mosquitoes from the Gulf Coast ol eastern 
Texas. It is reported diat when swarms of 
mosquitoes are blown landward, so un- 


• In California seeding (land commonly irrigated beforehand) is by airplane. 
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inhabitable" becomes the countryside that 
all outdoor work is suspended and the 
cattle, driven mad by near-solid formations 
of attacking insects, break fences to roam 
east Texas at large—a reminder that things 
both great and small may be influenced in 
ways not forseen by man's proclivity for 
altering the natural landscape. In Arkansas, 
however, minnows accompany the irrigation 
water (from reservoirs) and effectively check 
mosquitoes in the larval stage. On the other 
hand, any water snake—a "moccasin" to 
the field laborer—seeking a normal aquatic 
habitat in the rice fields, can cause con¬ 
sternation and many man-hours of lost 
labor, out of all proportion to the general 
unaggressiveness of these typically harmless 
reptiles. 

Oriental methods of growing rice are in 
sharp contrast to the mechanized produc¬ 
tion in the United States. In parts of the 
East, where there are perhaps 2,000 in¬ 
habitants per square mile, all the original 
forest has been cleared for rice growing. 
Rainfall and river water, the latter some¬ 
times hand-dipped or lifted on a human 
powered water-lift, are used to flood the 
laboriously prepared fields. Before flooding, 
the land is scratched with a simple pointed 
plow, typically drawn by water buffalo, and 
dung or sewage, if available, is applied. The 
ground is smoothed by dragging a log over 
it. Dikes are repaired; and at the appro¬ 
priate season rains begin to fill the “pad¬ 
dies. Rice seed is then sown broadcast, and 
perhaps trampled into the mud. During the 
growing season men and women wade into 
the fields to pull up the weeds by hand. 
As the grain matures, the fields are drained 
and the seed heads cut with hand tools. In 
some localities, the rice is sprouted in 
flooded seed beds, to save time, and trans¬ 
planted by hand to the soggy fields at die 
appropriate stage. 

Rice grains may be classified as glutenous 



Pounding rice in the Philippines. (Courtesy Chicago 
Natural History Museum.) 


or nonglutenous. The latter type possesses 
an endosperm starch that is hard and 
flinty” (thus this type can be transported 
without breakage and mills well), and is 
not sticky when cooked (since it lacks the 
dextrins present in glutenous types). These 
nonglutenous types are by far the most 
important varieties. Rices are also classified 
upon the basis of ker nel sha pe into short 
(about 5.5 mm.), medium (about 6.G mm.), 
or long (7 to 8 mm.) ty pes, with the long- 
grain forms being esteemed and used in our 
South," while the mor e glutenous short- 
grain forms are marketed north to un¬ 
discerning "Yankees.” The rice grain is 
similar to that of wheat, having , a small 
embryo or «enn, and a single c otyledon ap¬ 
plied to die starchy end osperm , surrounded 
by aleurone cells and the fused hulls. 

Processing the crop involves threshing, 
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in which the grain is separated from the 
seed head and chaff and the nutritious seed 
is freed from surrounding hulls or bran. 
In the United States this is done by thresh¬ 
ing machines or combines, and is followed 
by polishing in rice mills. Rice hulls are 
finding increasing use for furfural and 
other chemurgic products. In the Orient 
threshing is accomplished by gently beat¬ 
ing, abrading, or flailing the collected rice 
heads, or by treading barefoot upon them. 
Grain so treated is winnowed free of chaff 
by tossing it into the air above a sheet or 
mat. The brown rice so obtained still pos¬ 
sesses the nutritious outer proteinaceous 
and mineral layers. It is fortunate that the 
Eastern peoples, poorly fed as they are, have 
not adopted the Western custom of polish¬ 
ing rice to a creamy whiteness, and in doing 
so eliminating much of the food value. In 
the United States most rice undergoes a 
polishing process, during which the outer 
colored, protein-rich parts (12 per cent pro¬ 
tein) are abraded away, to become cattle 
food, and the starchy white endosperm 
alone is left for human consumption. 

With rice annual yields per acre greatly 
exceed those for wheat, yet because of 
specialized growing conditions and con¬ 
sequent demand for labor rice is an “ex¬ 
pensive" crop, at least in terms of human 
effort, compared to “cheaper" wheat. Rice 
is today grown chiefly in the moist tropical 
areas of India, Malaya, southern and east¬ 
ern China, Japan, and the East Indian 
islands. There is also notable production 
from Madagascar, equatorial Africa, and 
inhabited parts of the American tropics, as 
well as from the North American states 
mentioned previously. World production 
of rice exceeds 150 million tons annually, 
probably surpassing the wheat crop, al¬ 
though totals for some areas (China) involve 
mere estimates. Almost 90 per cent of the 
crop is grown in India, China, and Japan, 
and most of it is consumed domestically. 


4. Oals. Oats, species of the genus Avena. 
are perhaps one of the most underestimated 
of cereals. One hears little of oats as com¬ 
pared to wheat, but it is not uncommon 
to find oat production in many areas ex¬ 
ceeding that of wheat. But, like maize, most 
oats are locally consumed as feed, and thus 
for the most part enter the human diet, 
if at all, as meat or dairy produce. Oats are 
among the most widely grown cereals of 
North America and Europe, being better 
adapted to a wide range of soil types, cul¬ 
tural techniques, and climatic extremes than 
are most other cereals. Oats are probably of 
polyphyletic origin, domestication usually 
being considered to have centered in north¬ 
ern Africa, the Near East, and temperate 
Russia—fairly recently (in the archeological 
sense), perhaps as late as 2500 b.c. The 
common cultivated species, A. saliva, is 
not known in the wild, although it is fre¬ 
quently encountered as an escape. Other 
species of the genus are common in the 
wild, and a number of them, perhaps even 
A. sativa, may have spread widely as weeds 
in fields of other grains. 

As in the case with wheat, botanical 
classification of oat species is confused. The 
common cultivated oat, A. saliva, is be- 
iieved by many to have sprung from A. 
fatua, the common wild oat; other com¬ 
mercial varieties probably arose from A. 
sterilis, the red wild oat. All three of these 
species are hexaploid (2n = 42). as are also 
A. bymnlina (sometimes considered a sub¬ 
species of A. sterilis); and A. nuda, the 
naked oat. Tetraploid oats (2n = 28) in¬ 
clude A. barbala, the slender oat, and A. 
abyssinica. Diploid oats (2n = 14) include 
A. brevis, the short oat; A. strigosa, the sand 
oat; A. wieslii, the desert oat; and A. midi- 
brevis. The diploid oats are of little 
commercial importance, although they are 
cultivated to a limited extent in parts of 
Europe. Of the tetraploid species, A. bar - 
bata is a tall, weak range grass of the western 
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United Stales; and A. abyssinica is said to 
be grown lor forage to a limited extent in 
the desert areas o( northern Africa. A. Intun 
is a troublesome weed in oat fields. A. sle- 
rilis (and its varieties) is similar to A. Intun. 
but with larger spikclets. A. byznntinn is 
putatively a descendant ol A. sterilis, and 
is cultivated in several varieties, particularly 
in the warmer portions of the oat range. 
A. nuda has the lemma and palea incom¬ 
pletely fused to the grain, yielding a 
naked seed easily upon threshing. Never¬ 
theless, this species is not much cultivated, 
primarily because ol its inferior yield. A. 
saliva (and its varieties) is the most im¬ 
portant oat species; to it most of the modern 
cultivated strains belong. 

Oats are essentially a crop of moist tem¬ 
perate regions. Like wheat, they are broadly 
classified into spring or winter types, de¬ 
pending upon the season ol planting. In 
the United States winter oats can seldom 
survive north of middle Missouri, and most 
domestic production comes from spring 
oats ol the northern states (Iowa, Minne¬ 
sota. Illinois). Market grades are based on 
color, percentage ol foreign seed contained, 
weight, soundness of grain, and the like. In 
the United States yields average about 31 
bushels per acre, but in northern Europe 
(Denmark) yields may reach 72 bushels per 
acre. 

In the oat plant, as in other cereals, the 
main root system springs adventitiously 
from ground-level nodes. Stems have four 
to eight nodes, with tillers developing from 
the base in early growth. Lodging of stems 
is common, a fact that attests to their weak¬ 
ness, even though they are generally thicker 
than wheat stems. The leaf may he dark or 
light, and the leal sheath closely envelops 
the internode. The inflorescence is a much- 
branched panicle, sometimes expanded and 
sometimes condensed and one-sided, with 
the ultimate branchlets terminating in 
glume-invested spikclets of one to seven 


flowers (of which the upper ones are often 
staminate or infertile). Lemmas are either 
awned or awnless, depending upon varietv, 
and with the paleas constitute a higher 
percentage (crude fiber) ol the threshed 
grain than is usual in other cereals. The 
florets are ordinarily self-pollinated. 

The oat grain is fairly rich in protein and 
fat. and constitutes a valuable foodstuff. 
One analysis breaks the oat grain down as 
follows: 13.8 per cent protein, 1.3 per cent 
fat, 66.1 per cent carbohydrate, and 12.2 
per cent crude fiber (hulls—the lemmas and 
paleas). Some 3 or 1 per cent of the crop 
goes into food for human use, mostly as 
rolled oats. The protein is not of the glutenin 
type, so that oat flour has no value lor 
breads. It mav, however, he used for cakes, 
biscuits, and breakfast foods. Oatmeal is 
prepared by coarse grinding; rolled oats, 
by running the deludled seed (groats) be¬ 
tween rollers in a steam chamber that 
softens the grain. In animal husbandry oats 
may be pastured or they may be cut for 
hay before maturity. Oat straw finds con¬ 
siderable use as an emergency feed and 
an animal bedding. The value of the straw 
has caused some farmers to use the binder 
and thresher for oat harvesting, in pref¬ 
erence to the combine (which scatters the 
fragmented straw over the fields). 

Oats are either drill-planted or broad¬ 
cast in a prepared seedbed, seeding being 
done as early as possible, to take advantage 
of cool weather that encourages tillering 
and filling. The crop is handled as wheat 
is, except that it is generally cut and wind- 
rowed for a few days prior to combining 
or threshing, to permit a final drying and 

maturing of the grain. 

The United States is usually the world's 
foremost producer of oats, although demand 
is decreasing as power machinery replaces 
the horse. More than a billion bushels are 
produced annually, with Iowa the leading 
state (oats following corn in rotation). Other 
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o;it production centers are Russia, northern 
Europe, and Canada, all of which rival— 
and Russia sometimes exceeds—the United 
States. World production is greater than 4 
billion bushels ((>5 million tons) annually, 
almost exclusively from temperate North 
America and Europe. 

5. Barley. Barley, a species—complex of 
the genus Hordeum* is another versatile 
cereal, much like oats in this respect, al¬ 
though less commonly grown, ft can adapt 
itsell well to high altitudes, cold weather, 

and a short season such as mav be caused 

/ 

by summer drought. Hot and humid 
weather, however, is as inimical to barley 
as to wheat. Barley is one of the oldest of 
cultivated cereals, having been used as food 
for man and beast in ancient Egypt, and in 
China around 2800 b.c. It was used as a 
staple in southern Europe from time im¬ 
memorial. until supplanted by wheat (after 
discovery of yeast bread) and rye in Chris¬ 
tian times. Presumably it was first domesti- 
cated in southwestern Asia, where the wild 
barleys H. spantaneum and H. itliuburense 
can still be found. The former may have 
been an ancestor of the two-row barleys (the 
name refers to the number ol rows of grain 
in the head), and the latter to the six-row 
types. Barley is typically a special-purpose 
grain rather than a general market crop, 
finding its greatest use in animal feed and 
for malt. Minor quantities serve as human 
food, being consumed like rice, mostly in 
the Far East. 

Cultivated species of barley have been 
listed as: Hordeum vulgare (= H. sativum 
— El. Iiexastichon), a six-row type, with all 
lemmas awned or hooded, the usual com¬ 
mercial species; El. intermedium, a six-row 
species without awns or hoods, little used 
because of inferior yields; El. distichon, a 
two-row type with lateral spikelets reduced 


but more or less complete; and H. deficient; 
a two-row species with lateral spikelets 
reduced to glumes only. All four are diploid 
(2 n= 14). and. by some authorities, have 
been lumped together as the single cultigen 
species, H. -vulgare. In the United States the 
six-row types have been preferred to the 
two-row species and are the more generally 
grown. I.ike oats and wheat, bai ley is classi¬ 
fied agronomically into spring and winter 
types, on the basis of planting season. 
Spring barleys can be planted farther north 
than probably any other cereal. Greatest 
production in the United States is from 
spring barley, grown mostly in the north 
central states and in California. There, 
much of the crop serves as pasture and cover 
crop. 

The barley plant is ordinarily an annual, 
developing a heavy adventitious root system 
about the time of tillering. Tillers are 
usuallv fewer than in wheat, and commonly 
five to eight nodes tall (at times up to 13 
nodes). Foliage is little different from that 
of wheat. The inflorescence is a cylindrical 
spike, in which the tough, flattened rachis 
does not disarticulate. At each rachial node 
are borne three one-flower spikelets (thus 
basically there are six rows of spikelets, 
three to each side Irom consecutive nodes), 
of which the outer spikelets may be infertile 
or more or less aborted (two-row barley). 
Glumes and lemmas are typically awned 
(bearded barleys). Cross-pollination ol the 
floret rarely occurs. The mature grain is 
frequently highly colored, owing to pig¬ 
mented aleurone layers. 

The barley grain is not greatly different 
from that of wheat, consisting of typical 
outer hulls (lemma and palea) fused with 
the pericarp, surrounding the abundant 
endosperm (with its outer aleurone layer), 
and the smaller embryo. Depending upon 
the environment in which it is grown, the 


* The genus Hordeum contains about twenty species. 
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grain niav contain greater or lesser amounts 
ol protein (aleurone cells). In the United 
States, newer nitrogenous soils ol the west¬ 
ern plains, and the dr\ conditions prevail¬ 
ing there at heading time, give a “llintier" 
barley, higher in protein, than do soils and 
dimates farther east. Such barley is not in 
favor lor malt production, the “softer" 
starchv barley being preferred for its greater 
malting facility and yield. This situation is 
in contrast to that existing in wheat pro¬ 
duction. where high protein content 
("stiong" wheat) usually commands a com¬ 
mercial advantage. One analysis of barley 
grain breaks it down as: 13.-! per cent pro¬ 
tein. 1.9 per cent fat. 7fi.l per cent carbo¬ 
hydrate, and 5.6 per cent crude fiber. 

Bariev is usually drill-seeded in well- 

4 * 

prepared seed beds, preferably in well- 
drained. fertile soil. Early seeding is pre¬ 
ferred, lor the same reasons as for other 
cereals, but the crop can mature in a 
shorter growing season than is typically 
necessary for other cereals. Barley should be 
well matured before harvest, and malting 
barley is sometimes harvested, bound, and 

4 

stacked before threshing: feed barley, how¬ 
ever, for which less care need be taken, is 
invariably combined. Yields for the United 
States as a whole average little more than 
20 bushels per acre, but individual yields 
as high as 100 bushels per acre have been 
recorded. 

Bariev finds greatest use as a substitute 
for mai/e in animal feeding where climatic 
conditions (cool, dry summer) favor it as a 
feedstuff. It is regarded as nearly as efficient 
a feed as is mai/e. In some localities barley 
is rolled or partly crushed before it is fed 
to the stock. Nearly 25 per cent of the crop 
in the United States is germinated and 
kiln-dried to yield malt, consumed largely 
by the brewing industry, but also used for 
breakfast foods, malt syrups, confections, 
and the like. Broken grains will not, of 
course, germinate, and do not therefore 


qualify as malt grain, for which a premium 
is usually paid. Thus care in threshing and 
handling can greatly affect the sale price 
of malt barley. Pearl barlev, which amounts 

4 4 

to about 3 per cent of the total production 
in the United States and is used mostly for 

4 

soups, is prepared by a dehulling process 
accomplished by mechanical abrasion, simi¬ 
lar to the process used for oats. In northern 
Europe and parts of Asia barley is more 
connnonlv consumed directly as human 
food than it is in the United States. Very 
minor quantities of barley are made into 
flour, for use by invalids and babies. This 
nonglutenous flour does not have good 
bread-making qualities, but was neverthe¬ 
less used to make bread before the more 
palatable wheat flour became common. 

The chief production regions for barley 
are the north central states of the United 
States and adjacent Canada, central and 
northwestern Europe, northern Africa and 
Spain, Romania and southern Russia, north 
central India, and northeastern China and 
Japan. World production amounts to more 
than 2 billion bushels (50 million tons) 
annually, with China probably the leading 
producer, followed by the USSR, northern 
Europe, the United States, Japan, Spain, 
and India. The Mediterranean area, China, 
Japan, and India produce chiefly winter 
barley. The United States production 
amounts to some 200 to 300 million bushels 
(5 million tons) annually, ranking fourth 
after production ol maize, wheat, and oats. 
Leading producing states for spring barley- 
are the Dakotas, California, Minnesota, and 
Nebraska: most winter barley is grown in 
the southeastern states, for autumn and 
spring pasture and as a cover crop. 

6. Rye. The commercial rye plant, Se- 
(ale cereale, is an important crop in north¬ 
ern Europe, but scarcely elsewhere. It is a 
diploid species (2 n = 14), as are apparently 
also the other species of the genus. I ie 
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various species will hybridize readily (as 
will also wheat with rye). S. cereale has not 
been authenticated in the wild, although it 
is common as a naturalized escape. Pos¬ 
sibly cultivated rye was domesticated from 
the wild rye, S. monlanum, of the Mediter¬ 
ranean region, although some students re¬ 
gard S. anatolicum of southwestern Asia as 
a more likely progenitor. Intermediate 
weed forms between the cultivated and the 
wild species are not uncommon. Quite 
possibly domesticated rye originated as a 
weed among barley and wheat. The species 
is believed to be of more recent origin than 
most cereals, for besides its similarity to 
wild forms there are no traces of it among 
Egyptian ruins or Swiss lake dwellings. It 
was, however, known to the Greeks and 
Romans. 

Rye is typically a plant of cool, nonhumid 
climates, and can stand cold winter tempera¬ 
tures better than most other cereals can. 
No other winter cereal can be grown as far 
north. It is a fairly reliable crop on almost 
any soil, although it naturally does better 
on fertile land. Because of its ability to 
grow on soils too poor for other crops, it 
has at times been termed "poverty grain.” 
Both spring and winter types are known; 
winter rye is the more important. Rye is 
drill-seeded, or less frequently broadcast, 
as early as the soil can be worked, when it 
is to be planted in the Spring. Harvesting 
starts in the southern United States in May, 
proceeding progressively northward about 
one week ahead of wheat harvest. Binding, 
shocking, and threshing are sometimes 
done; in other instances combine harvest¬ 
ing is practiced. Yields in the United States 
amount to about 12 bushels per acre, al¬ 
though on good soils a yield of 20 or more 
bushels is not uncommon. 

The rye plant is an annual under cultiva¬ 
tion, although tending at times to maintain 
itself as a perennial by sprouting anew 
from the stubble. It resembles barley and 


wheat to a decided degree. The abundant 
adventitious root system is one of the most 
profuse among cereals. Stems are slender 
and tough, four to six nodes tall, and often 
of a more or less purplish color. Both stem 
and leaves bear a waxy epidermal coating. 
The inflorescence is typically an elongate 
spike with about thirty three-flowered 
spikelets. Of the three florets, the upper¬ 
most is usually abortive. Lemmas are typi¬ 
cally awned, and die grain is thus "beard¬ 
ed." Flowers are ordinarily self-sterile, so 
that cross-pollination is usual. 

The mature grain is more slender than 
that of wheat, usually grayish yellow, free 
from the lemma and palea. The aleurone 
layer is confined to a single layer of cells. 
One analysis of the grain breaks it down 
as: 13.4 per cent protein, 1.8 per cent fat, 
80.2 per cent carbohydrate, and 2.3 per 
cent fiber. The weight is about 56 lbs. to the 
bushel. The protein is partly glutenous 
(contains gliadin but not glutenin), so that 
rye commonly serves as a bread grain. A 
large portion of the European population 
lived for centuries mainly on “schwarzbrot,” 
the black, soggy, rather bitter bread still 
not infrequent in rural Germany, Poland, 
and Russia, whose main ingredient is rye 
flour. In the United States rye bread is made 
of a combination of wheat flour and rye 
flour. 

Although the chief use of rye was once 
for bread, today the major portion of the 
rye crop goes into stock feed. The plant is 
also much used for hay and pasturage, cover 
crop, and green manure. The long, fine, 
highly resistant straw finds service for ani¬ 
mal bedding, stuffing, thatching, and paper 
manufacture. The grain may be fermented 
to yield alcoholic beverages or industrial 
alcohol. Ergot (see Drugs, p. 288) is a 
parasite of the rye plant. 

Russia leads the world in the production 
of rye, followed by adjacent northern Euro¬ 
pean countries. Total world production. 
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about 95 per cent of which comes from 
Europe, amounts to nearly 2 billion bushels 
(some 50 million tons). The United States 
grows about 50 million bushels of rye an¬ 
nually, in all parts of the country but most 
heavily in the Dakotas and Nebraska. About 
two-thirds of this crop goes into stock feed. 

7. Sorghum. The genus Sorghum em¬ 
braces several types of economic plants. 
There are the broom sorghums, mentioned 
under Fibers (see p. 177); the syrup sor¬ 
ghums (see p. 3-16); and the grain sor¬ 
ghums included here among food plants.* 
All these types can be most conveniently 
lumped as the many-faceted species, Sorg¬ 
hum vulgare. Sorghum attains greatest im¬ 
portance in man's life in Africa, but the 
species is also grown and harvested in India, 
China, Manchuria, the United States, and 
to a lesser degree elsewhere. Grain sorghums 
are known in innumerable varieties; in the 
United States alone some 400 now occur. 
These are all annuals. The many varieties, 
“species” under some systems of classifica¬ 
tion, cross readily, and all have a chromo¬ 
some complement of 2 n = 20. The closely 
related Johnson grass, S. halapense, is a 
perennial weed of cultivated areas or useful 
forage plant, depending on circumstances. 
It is similar to Sudan grass (S. vulgare var. 
f udanensis), but has a 2n = 40 chromosome 
complement, and rarely crosses with the 
common sorghums. Sorghums are probably 
indigenous to Africa, but cultivated species 
may have originated in Asia as well. Sor¬ 
ghum was known in Egypt prior to 2200 
b.c., and was introduced into the United 
States about the middle of the nineteenth 
century. 

As in other cereals, the matured roots of 
sorghum are all adventitious and profusely 
branched. P erhaps one reason for sorghum's 


great drought-resistance is its extensive root 
system, greater than that of maize, in con¬ 
trast to its modest leaf area, which is only 
about half as great as that of maize. Stems 
commonly have about ten nodes, with a 
lateral bud at each, but only the two or 
three lowermost ordinarily develop into 
tillers. Originally strains introduced into 
the United States were tall, but modern 
breeding programs have reduced the inter¬ 
node length to give dwarf varieties suitable 
for combine harvesting. The leaves, though 
smaller than those of maize, are similar to 
them. The inflorescence is usually a com¬ 
pact panicle, with many sessile (perfect) and 
pedicellate (usually staminate) spikelets con¬ 
taining a single functional floret each. The 
lemma is awned. Self-pollination is the 
rule. Grains are small in comparison to 
those of maize, but have a similar starchy 
endosperm. Composition of the grain is, on 
the average: 12 per cent protein, 3 per cent 
fat, and 70 per cent carbohydrate. 

Sorghum is a short-day plant, maturing 
as the length of the day decreases. It is 
remarkably clrouglu-resistant, and prefers 
warm climates. It is typically grown where 
climates are too dry or hot for maize. 
Planting is in well-prepared seed bed, in 
the spring, usually in rows like maize, thus 
permitting cultivation. Warm soils are 
needed for good germination. Harvest for 
forage is with a row binder, but for grain 
with a combine. With the development of 
low, uniform strains, combine harvesting 
has been made possible, and much of the 
breeding work in the United States has 
concentrated on producing a plant better 
adapted to mechanized handling. 

Sorghum is grown as a grain for human 
consumption mostly in Africa and Asia. 
There it is grown as used; for without mill 
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Fox tail millet growing in semi-arid north China. It is used there both for human 
food and as forage for work animals. (Courtesy Economic Botany.) 


ing (to remove the embryo) flour would be¬ 
come rancid. The pulverized grain is usually 
consumed as mush (in Africa) or in tortilla¬ 
like cakes (in Asia). The species sometimes 
serves also as cover crop or green manure, 
and the stems lor fuel or weaving (in Africa 
and Asia). In the United States about half 
the sorghum acreage is devoted to forage or 
silage, and half to grain (which is later in¬ 
corporated into poultry or stock feeds). 
Grain production in the United States 
amounts to over 100 million bushels an¬ 
nually. Both "waxy” and “sweet” varieties 
have been developed, the former finding 
use to some extent as a substitute for man¬ 


ioc. Industrial processes utilizing maize can 
utilize sorghum grain lor the same pur¬ 
poses. Moreover, a wax similar to carnauba 
is reportedly obtainable from the hulls. 
Production of sorghum centers in the Great 
Plains area, from the Gulf to the Dakotas; 
there is also considerable production in 
Arizona and California. As much as two 
or three tons of sorghum grain per acre is a 
possible yield. World production of grain 


sorghum is approximately 25 million tons 
annually, largely from China, India, Man¬ 
churia, and West Africa. 

8. Millets. The term millet is applied to 
a number of small-seeded, annual grasses 
of several genera, used both as grain and 
forage crops. None are of major importance 
in the Western world, but many form a 
staple in the diet of some African and 
Asiatic peoples, particularly in that of the 
very poor classes, and have long been 
known as "poor man's cereal." Millets are 
grown principally in the same areas as is 
grain sorghum. In the United States millets 
are incorporated to a limited extent in stock 
feed and birdseed, but are not consumed 
directly as human food. The five most com¬ 
mon millets are: 

Foxtail Millet (Setaria itolicn)-the in¬ 
florescence is a loose, simple spike, with the 
spikelets subtended by a bristly involucre. 
There are five or six different types, in¬ 
cluding the common, Hungarian, Aino, 
German, Siberian, and Golden Wonder mil- 
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Winnowing threshed pearl millet. Pennisetum glaucum, in India. (Courtesy 

Economic Botany.) 


lets. The species supposedly originated in 
India, but is principally cultivated today 
in the Near East and China. It is very 

drought-resistant. 

Pearl or Cattail Millft (Pennisetum 
glaucum )—the inflorescence is a dense, sim¬ 
ple spike; the spikelets bristly involucrate. 
The grains separate readily from the lemma 
and palea at maturity. Pearl millet is grown 
as a rainy season crop in India and the 
Afiican Sudan, and yields a very nutritious 
flour, with minimum demands for soil and 
moisture. 

Finger Millet or Ragi (Eleusine cora- 
cana )-lias dense, digitate, spikes and in¬ 
volucrate spikelets. The species, perhaps 
derived from the familiar E. indica, is culti¬ 
vated in India and Africa both for grain 
and forage. It is reportedly a heavy yielder, 
even on poor soils, and, in contrast to other 


millets, can stand moderately moist con¬ 
ditions. 

Bread or 1’roso Millet (Panicum rni!ia- 
rcum)—the inflorescence is an unawned, 
drooping panicle; the spikelets are not 
involucrate. This species is extensively 
grown in Russia and central Asia, and is 
probably the ancient millet of the Chinese 
and of the Swiss lake dwellers, perhaps 
antedating wheat in cultivation. The grain 
is enclosed in a hard, shiny lemma and 
palea. 

Japanese Barnyard Millet (Echhwchha 
fnnnenlacea )—has a short, awnecl raceme; 
die spikelets are not involucrate. The grain 
is firmly enclosed in the hardened lemma 
and palea. The species may be derived from 
die widely distributed £. (Panic,un) crus - 

golli, which is also cultivated to some extent 
in the Far East. 
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In the United States millets are most used 
as emergency hay or catch-crops. I hey are 
adapted to a wide range ol soils and cli¬ 
mates, and are valued in semiarid regions 
for their short growing season. They are 
planted in drills or broadcast in spring. In 
the East millet is often grown under primi¬ 
tive conditions, with little cultivation and 
no mechanical handling. The crop is cut 
with sickles wielded by hand, and carried 
by manual labor to threshing grounds, 
where women generally cut the heads from 
the stalks and thresh the grain by treading 
it out. Under such conditions, and with 
poor soils and scanty rainfall, no crop is as 
remunerative, in terms ol sustenance pro¬ 
vided, as is millet. 

Millet is mostly consumed locally in 
northern China, India, Africa, the Balkans, 
and southern Russia; little of the crop 
enters international trade. World produc¬ 
tion is estimated as some 2(i million tons 
annually, about one-fourth the quantity of 
the rice crop. China’s share is about 9 
million tons (mostly foxtail millet), India's 
almost <) million tons (mostly pearl millet), 
Manchuria’s and the USSR's (mostly bread 
millet) and French West Africa’s (finger 
and other millets) about 3 million tons each. 
About 85 per cent of the world crop is con¬ 
sumed directly as human food, although the 
grain is nonglutenous and unsuitable for 
making bread. In eastern Europe a Hat 
bread and porridge are typically made ol 
millet, as is also a fermented beverage. In 
the densely populated Far East, millet is 
often the principal food of the multitudes 
unable to afford the "better” grains. There 
it is usually eaten entire, ground into Hour, 
or sprouted. Reportedly, millet is lower in 
protein content but higher in fat content 
than is wheat. It is, however, generally the 
equal or the superior of rice in both these 

respects. 


9 . Other cereals of lesser importance. 
Wild Rick. The wild rice of northern 
North America, Zizania aquatica, was an 
important food of the American Indian. 
The plants grow rooted under water, and 
the Indians paddle their canoes among the 
plants, Hailing the easily dislodged grain 
into the canoe bottom. Most wild rice is 
still collected in this manner, for the plant 
has never been cultivated. Forty pounds a 
day was considered a good harvest for the 
Indians in colonial times. After it was 
gathered, the rice was carefully dried, 
parched, and dehulled. (Parching dries the 
grain out and kills insect eggs, assuring safer 
storage.) The Indians dehulled the grain 
by trampling over it, and then winnowed 
the hulls away. 

The wild rice plant is a slender annual, 
with drooping panicles that yield firm grains 
much longer and narrower than those of 
the familiar cultivated rice. Because of its 
scarcity and the difficulty and expense of 
collecting it, it costs much more than 
domesticated rice. In order to protect wild 
rice stands, laws have been passed prohibit¬ 
ing mechanical harvest and providing that 
only part of the crop be taken. Production 
is about 500 tons, chiefly from Minnesota. 
Wild rice is highly esteemed as a delicacy in 
the United States, particularly with fowl. It 
is also an important wildfowl food. 

Job’s Tears. The Job’s-tears grass or Ad- 
lay, Coix lachrytna-jobi, is native to south¬ 
eastern Asia, but has been introduced and 


Itivated throughout the world tropics. 
ie expanded panicle bears attractive 
ny white grains, fancifully resembling 
irs and often used ornamentally as beads, 
lese serve as a food item for poorer 
oples, particularly in the Far East. I he 
lied grains can be parched, boiled like 
e or milled into flour for making a type 
bread. Scientific efforts toward improving 
ains and the agronomy of Coix, such as 
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have been widely undertaken for the more 
common cereals, ha\e so iar been negligi¬ 
ble. Vet the species is potentially very use¬ 
ful, for reportedly the protein content, in 
proportion to the carbohydrate, is greater 
than in any other cereal. 

Craborass OR Finokr Milihs, Digit in in 
saugunialis, 1). cxilis, D. ibttrua; Manna- 
grass, (Aytcnn fluiltnis: Tm-, Enigmstis 
nbyssinica; Guinea Grass, Panic um maxi¬ 


mum; Fonio, Paspalum long![lorinn; Hi rc.i . 
Pdiiirum burgii and Ecliinocbloa Uagnina: 
Rkkdcrass or Cankc.rass, Plnagmites com- 
mums; and manv other grasses vielcl seeds 
locally useful as foods. In these, however, 
either the grain is too small, dehulling too 
difficult, yield too scant in proportion to 
labor expended, or growing too precarious 
for widespread interest to be aroused in 
them as cultivated food plants. 
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CHAPTER 17 


Other Food Seeds and Forages 


Nau ru provides thf. f.mbrvo, the young 
plant-to-be, with an abundance of concen¬ 
trated food stored in die seed lor its “start 
in life." Man appropriates this food from 
the plant world to sustain his civilization. 
The previous chapter discussed the world's 
most useful food seeds, the cereal grains. 
Cereal plants are readily adapted to domes¬ 
tication and agriculture, and their seeds to 
easy harvesting and storage for protracted 
periods without deteriorating. But plant 
families other than the (Iramineae have 
contributed some almost equally important 
species to man's vital needs. Ol especial 
importance is the family of the Legumino- 
sae, with its contribution of beans, peas, 
soybeans, and many pasture plants. The 
legumes almost alone among food plants 
give high-protein seeds, and thus provide 
something of a natural balance to the carbo¬ 
hydrate-rich cereals. Not only do the leg¬ 
umes contribute nitrogenous molecules to 
man and his domestic animals directly; they 
also, bearing as they usually do the vital 
nitrifying bacterial symbionts in root nod¬ 
ules, build up the soil so the other plants 
and eventually animals may satisfy protein 
needs. In the web of life legumes are cer¬ 
tainly as important as the grasses. 

In this chapter attention will first be 
given to certain "pseudo-cereals'-plants 
whose hard seeds resemble grains, and are 


similarly treated. Legumes as food seed 
plants will next be considered; and then 
other food seeds, many commonly known 
as nuts. Finally the part both legume and 
grass plants play as forage-for the produc¬ 
tion ol animal protein to be consumed by 
man as meat and milk-will be briefly dis¬ 
cussed. 

Pseudo-Cereals: The Seeds of Annuals 

1. Buckwheat. Buckwheat, Fagopyrum 
esculentum, Polygonaceae, is perhaps better 
adapted to poor soils than any of the true 
cereals. It is a crop of cool, moist climates, 
and is adapted to high elevations and a 
short growing season. It is grown mostly in 
the northeastern United States, northwest¬ 
ern France, and eastern Europe (Russia and 
Poland), and is singularly free of disease. 
In the United States the varieties "silver- 
hull'’ and “Japanese” are the most com¬ 
monly grown. Buckwheat probably origi¬ 
nated in central Asia, seemingly fairly 
recently in comparison to the cereals. It 
was introduced into Europe in the Middle 
Ages, and into North America by the early 
colonists. 

In the United States most buckwheat 
seed is used for stock feed, but in Europe, 
particularly in parts of Poland and Russia, 
it is a basic food item in the peoples’ diet. 
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There a starchy flour obtained by milling 
the “grain” is consumed as porridge and 
soup. In the United States buckwheat flour 
is used chiefly to make pancakes. Other 
uses of buckwheat show whole grains, mid¬ 
dlings, or flour, fed to livestock; and buck¬ 
wheat straw incorporated into animal foods 
or utilized for bedding. Buckwheat makes 
an excellent green manure, bee plant, and 
catch crop. Recently it has been utilized as 
a source of rutin, which is used medicinally 
in the treatment of blood pressure ailments. 

The buckwheat plant is a rapid-growing, 
succulent annual which branches profusely 
and soon smothers competing vegetation if 
given a good start in a well-prepared seed 
bed. It has the diploid chromosome comple¬ 
ment of 16. The leaves are alternate, lanceo¬ 
late, and with the stipular sheath charac¬ 
teristic of the Polygonaceae. The inflores¬ 
cences are axillary and terminal cymes of 
perfect but dimorphic flowers, blooming 
from as little as twelve weeks after planting 
until frost. The flowers are largely self- 
sterile, and require cross-pollination. Char¬ 
acteristic three-angled seeds, the buckwheat 
grains, are matured abundantly unless hot 
weather causes blasting of the flowers. The 
dicotyledonous seeds with appreciable endo¬ 
sperm consist of about 11 per cent protein, 
2 per cent fat, 11 per cent digestible carbo¬ 
hydrate, and a high proportion of fiber. 
The gluten content, although low, is re¬ 
portedly sufficient to permit making of 
yeast bread with the flour. Milling follows 
the general practices common for wheat, in¬ 
volving a cracking to loosen the seed coats, 
sieving, and grinding. Yields from buck¬ 
wheat grain consist of 60 to 75 per cent 
flour, 4 to 18 per cent middlings (embryo), 
and 18 to 26 per cent hulls. 

Buckwheat is sown after danger of frost 
is past, either being broadcast or, more 
commonly, sown by means of a grain drill. 
Beyond preparation of the seed bed no cul¬ 
tivation is practiced. The usual small-grain 



Quinoa. Clienopodium quinoa. (Courtesy Chicago 
Natural History Museum.) 


harvesting machinery serves to gather the 
crop, \ields up to 40 bushels per acre are 
reported, although the average for the 
United States in 1944 was about 18 bushels. 
United States total production amounts to 
about 7 million bushels (some 170 thousand 
tons), mostly from New York and Pennsyl¬ 
vania. World production exceeds 3 million 
tons, mostly from Russia. 

2. Quinoa. Quinoa, the seed of Cheno- 
podium quinoa, Chenopodiaceae, is little 
known outside the higher Andes of tropical 
South America. Yet there it constitutes, 
just as it did in Incan times, a staple in the 
diet of some Indian-blooded peoples of 
Peru, Bolivia, and Ecuador. The plant is 
indigenous and still wild in this region, 
and was presumably first domesticated in 
the vicinity of Lake Titicaca long before the 
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coming of the conquisladores. Indeed, the 
Incans, in whose empire quinoa was more 
wideh grown than any other plant save 
the potato, are said to have regarded the 
species as a sacred plant, and to have cere¬ 
moniously opened the first furrow for its 
growing season with a golden implement. 
Toda\ isolated fields are still cultivated in 
the Andean mountains, but. in spite of 
numerous attempts, establishment of the 
crop elsewhere has invariably met with 
failure. It is probable that this pseudo¬ 
cereal can never become important to the 
world at large. 

Quinoa is seeded in rows or broadcast in 
autumn and crudely covered with soil by 
dragging thorny branches over the field or 
by rude harrowing. Germination is rapid, 
the seedlings emerging in as little as one 
week after planting. Quinoa plants are 
tolerant of light frost and scanty rainfall. 
They are thinned and weeded bv hand, and 
mature a heavy head of seed in five or six 
months. Then the whole plant is cut and 
left to dry in the sun for several days. 
Threshing is accomplished by flailing with 
a stick, and the chaff is separated by win¬ 
nowing. One-quarter to one-half ton of 
grain per acre is reported to be the annual 
yield. 

The quinoa plant is known in many local 
"varieties," distinguished largely by color. 
The species much resembles its North Amer¬ 
ican relative, lamb's quarter (C. album). It 
is a shallow-rooted, hollow-stemmed, herba¬ 
ceous annual one to two meters tall at 
maturity, with alternate, marginally lobed 
leaves rich in calcium oxalate, and incon¬ 
spicuous, perfect flowers. The quinoa seed, 
in addition to its direct consumption as 
human food, serves as a poultry and live¬ 
stock feed and source of an alcoholic bev¬ 
erage. Tender stems and leaves of this 
plant can be used as salad greens. The seed 
is eaten boiled, toasted, in the form of 
tortillas, mixed with wheat flour in bread, 


and in soup or porridge. It is about the 
equivalent of wheat in protein and mineral 
content, but is markedly lower in carbo¬ 
hydrates. 

3. Cahihua. Cahihua or cahigua. Cheiw- 
podium pallidicaule, Chenopodiaceae, is 
similar to its near relative, quinoa. It is 
cultivated to a limited extent in the same 
area for the same uses as quinoa, but is 
adapted to even higher elevations because 
it has a shorter growing season (135-145 
days for cahihua as against 165-175 for 
quinoa). 

4. Amaranth. Several species of Amman- 
thus, Ameranthaceae, have yielded food 
seeds to primitive peoples, although none 
have become important as modern-day cul¬ 
tivated plants. Jataco. achita, or quihuicha, 
A. caudatus, is one such species of the 
South American Andes, and can be culti¬ 
vated and used in much the same way as 
quinoa. A. leucocarpus is a Mexican species 
reportedly used for food and ceremonial 
purposes in ancient times. It is said that 
eighteen imperial granaries were filled by 
the Aztecs with the small seed of this 
species. A. cruentus, an Asiatic species, is 
reported to be cultivated in Asia and in 
Europe; it has been naturalized in the New- 
World. A. frumentaceus, presumably native 
to India, has been cultivated there for food 
among the wilder hill tribes since remote 
times; the seeds were ground into meal. 

5 . Cucurbitaceous seeds. Squashes, wa¬ 
termelons, and other members of the Cucur- 
bitaceae will be discussed later among fruit 
foods. It may be mentioned, here, however, 
that their seeds were commonly parched 
and eaten by primitive peoples. 

6. Sunflower. The sunflower, Helian- 
tlius annuus, Compositae, today grown 
chiefly as an oil plant {see Semidrying Oils, 
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page 328), should also be listed among food 
seeds. The species was a treasured plant of 
the American Indians, widely spread, and 
cultivated from Mexico northward. Typi¬ 
cally the seeds were parched and then 
ground into meal. Many other species 
listed among the oil plants in Chapter 13 
(viz., hemp, sesame, and others) also have 
provided or can provide seed for direct 
consumption. 

Legumes 

1. Beans. The word bean as popularly 
used may denote a great number of forms, 
species, and even genera of legumes, the 
seeds or pods of which constitute some of 
mankind's most important foods. There¬ 
fore, when discussing beans, it is necessary 
to specify the particular kind of bean meant. 
But to do so is not without difficulties, for 
the botanical species of beans are only in¬ 
completely understood, and popular termi¬ 
nology often gives different names to the 
different stages or strains of the same bean 
(viz., "snap” and “navy” beans). 

The broad beans ( Vicia faba), soybeans 
(Glycine max), and a few other types were 
well known in the Old World before the 
times of Columbus, but the choice food 
beans of the world, the large-seeded species 
of Phaseolus, were the exclusive ward of 
the New World Indians. By 1492 lima beans, 
scarlet runner beans, string beans, shell 
beans, white beans, black beans, pea beans, 
black-eyed beans, and kidney beans-all 
Phaseolus- were spread from Peru to New 
England, and to this day no one can be 
certain of the precise origin of most of them. 
The invading white man quickly recognized 
their usefulness, and very soon these nutri¬ 
tious, protein-rich seeds were providing a 
livable diet on long ocean voyages or for 
pioneering expeditions into the unknown. 
The world now had a proteinaceous food 
as easily stored, handled, and transported 


as were the cereal grains. And during sub¬ 
sequent centuries beans have held their 
own in competition with the vast array of 
fresh, canned, and preserved foods of the 
modern economy. They are equally at home 
upon the table of the millionaire and tribal 
chieftain; they are eaten by countless thou¬ 
sands of tropical workers and by the poor 
of all countries. Occasionally beans also 
find use as stock feed or forage. 

Beans are warm-season annuals, sensitive 
to temperature extremes and requiring a 
modest amount of moisture. They are, how¬ 
ever, quite tolerant of soil types. Over much 
of the world they are planted, tended, and 
ultimately harvested by hand. In the United 
States commercial plantings are generally 
sown in rows by means of bean-planters 
(corn-planters equipped with special 
plates) and mechanically cultivated as is 
feasible. Harvest of dry beans typically in¬ 
volved machine cutting and windrowing, 
followed by a later threshing (utilizing regu¬ 
lar grain threshers equipped with special 
attachments). Average yield of field-grown 
dry beans in the United States is about 13 
bushels per acre. Green beans are picked 
by hand and marketed locally. World bean 
production averages an estimated 4 million 
tons annually, most of which is consumed 
domestically. Brazil is the largest single 
producer, followed by the United States. 
Southeastern Europe is the leading surplus 
area. From it come most of the beans of 
international commerce. California and 
Michigan lead in the production of dry, 
edible beans in the United States, with some 
200 thousand tons per year each. 

The genus Phaseolus embraces both an¬ 
nual and perennial characteristics. Roots 
of tropical species often tend to be peren¬ 
nial, although the stems are typically an¬ 
nual and herbaceous. The leaves are pin- 
nately trifoliolate, stipulate, and stipellate. 
Inflorescences are axillary racemes, bearing 
white or yellow to purplish, bibracteate, 
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perfect flowers. The fruit or legume .is 
usually fairly large, containing a few to 
several seeds, the commercial beans. 

Some hundred or more species occur in 
both the New and Old Worlds. The Asiatic 
Phasrolus aconitifolius, P. an gu laris, P. 
aureus, P. calcaratus. and P. inungo possess 
slender cylindrical; pods with small seeds 
and have yellb'w flowers. The American 
species, P. acutifolius, P. lunalus, P. multi- 
Homs, and - P. vulgaris possess more or less 
flattened pods with large seeds and have 
white to purple flowers. Included within 
these species, particularly P. vulgaris, are 
the most important beans of the world. 

Kidney, Field, Garden, or Haricot 
• * 

Bean, P. vulgaris. This is the most widely 
cultivated of tfie- beans, and is known in 
both "bush” and-“vine” or "pole" forms. 
It yields the familiar "green,”* "string," 
“snap,” or "wax” beans when the entire 
pod is eaten immature, or the many familiar 
types of dry beans (kidney, pea bean,-pinto, 
Great Northern,' marrow, yellow-eye, and 
others) when the mature dry seeds are 
shelled from the pod. This very variable 
species is native to tropical America, pos¬ 
sibly Brazil. It has not been authenticated 
in the wild, but occurs as an escape and 
seems to hybridize sufficiently with wild 
species to cause a great deal of confusion in 
classifying it. 

Lima or Butter Bean, P. lunalus (includ¬ 
ing P. lirnensis). Another confusing delimi¬ 
tation of species and uncertain history df 
origin is found with the lima beans, “aristo¬ 
crats of the bean family." It is usually pre¬ 
sumed that the many “wild" plants of this 
species found today in the American tropics, 
are naturalized escapes rather than indige¬ 
nous. Three subgroupings with numerous 
horticultural varieties are recognized, in¬ 
cluding the sieva beans-flat-seeded, colored 
forms, sometimes regarded as a distinct 
species, and “large flat” and “potato” types, 
reportedly later-ripening and more suscepti¬ 


ble to cold than are the sievas. Both “pole” 
and “bush” types are grown, the bush forms 
having been developed from sports of the 
pole type. The polls and seeds of lima beans 
are broader and flatter than are those of 
kidney beans. In the tropics lima beans are 
generally perennials; in the United States, 
the country of their greatest cultivation, 
they are treated as annuals. The beans 
(seeds) contain adequate amounts of pro¬ 
tein, fat, carbohydrate, and vitamins, and 
may serve as a delightful substitute for meat 
in the diet' Lima beans have a long history. 
They have’ been found in Peruvian graves 
of early prehistoric times. Peru or Brazil 
were formerly regarded as the probable 
seat of domestication, but more recent evi¬ 
dence points to Guatemala. In any event 
the lima bean had already been spread 
from middle South America to New Eng¬ 
land by the time of the “discovery" of the 
New World in 1492. Today nearly 50 thou¬ 
sand tons of lima beans are produced in 
the United States annually, mostly in Cali¬ 
fornia. 

Tfpary Bean, P. acutifolius var. lati- 
falius. The nearly round, small, white to 
bluish-black seeds of this species are the 
tepary beans of northern Mexico and the 
southwestern United States. They were 
much cultivated by Indians of that area in 
prehistoric times. More recently they have 
been moderately used as a drought-resistant 
type for hot arid localities. 

Scarlet Runner Bean, P. multiflorus. 
This species is a perenhial with thickened, 
tuberous roots, normally cultivated as an 
annual. In the United States it is often 
grown for ornamental purposes. 

Black Gram or Urd Bean, P . mungo. 
This is a pubescent species extensively 
grown in India and the East. It is probably 
native to India. 

Mung, Golden Gram, or Green Gram, 
P. aureus. This species is related to the 
preceding one, and is widely cultivated in 
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India. The Chinese use it by germinating 
the seeds and consuming the “bean sprouts" 

when thev are about lour davs old. Dccoc- 

/ • 

tions of the seeds ate also reportedly used 
medicinally in treatment of colic, agd some¬ 
times the sprouts are candied. 

Adzcki Bean, P. angularis. This bushy 
annual is widely grown in China and [apan, 
ranking after the soybeans. It is not known 
in the wild. 

Rice Bean, P. caharatus. This species, 
native to southeastern Asia, is cultivated to 
a limited extent in China, Japan, India, and 
the Philippines. 

Morn or Mat Bean, P. aconitijolius. A 
prostrate species with lobcd terminal leaf¬ 
lets, widely cultivated in India; presumably 
recently domesticated. Both the small seeds 
and green pods are eaten. 

2. Broad, Windsor, horse, or Scotch 
beans. The broad bean, Vicia faba, is prob¬ 
ably native to northern Africa and the 
Near East; it has been under domestication 



for some 4,000 years. It was well known to 
the ancient Egyptians and to the Greeks. 
The species is an erect, vigorous annual up 
to 2 meters, with four-angled stems and pin¬ 
nate leaves of two to six entire leaflets lack¬ 
ing tendrils. Large, thick pods are borne' 
on axillary racemes, and contain seeds vari¬ 
able in size and shape. The diploid chromo¬ 
some number is 12. Other species of the 
genus are also cultivat|d, the untendrilled 
wild bitter vetch, V. ervilia, being grown 
for forage in southeastern Europe and west¬ 
ern Asia. V. narbonensis, l'. villosa, l’. sa¬ 
liva, V. angustijolia, V. atropurpurca, and 
V. cracca, all tendril-bearing, are also some¬ 
times cultivated, almost entirely lor pas¬ 
turage, hay, and silage. The broad bean 
was the only common edible bean in the 
Old World before 1492, and it is still cul-v 
tivated there to the extent of several thouV 
sand tons annually. It is scarcely grown at 
all in the United States. Production of f<Jr- 


The cultivated pea plant. Pisum sativum. (Courtesy 

Bailey Horiorium.) 

age vetch seed in the United States, how¬ 
ever, amounts to some 30 thousand tons 
annually. 

• 

£ Peas. The pea, Pisum sativum, was 
probably domesticated in central Asia, with 
possibly secondary developments in the 
Near East and North Africa. In these areas 
a few wild species similar to the cultivated 
pea and able to hybridize with it are found, 
although P. sativum itself is not known in 
• the wild. Remains of peas have been found 
in the Swiss lake dwellings of the Bronze 
Age, and the plant was cultivated by the 
Greeks and Romans. Until the late Middle 
Ages there is no hint of peas being eaten 
‘green." But by the 1500's, in France es¬ 
pecially, the more sugary green or garden 
peas had become the lashion-a fashion Unit 
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has persisted into modern times in the West¬ 
ern world. In the United States dried peas, 
the "split peas" much used for soup, are 
less consumed than green peas. The United 
States production of green peas (shelled) 
amounts to about one-half million _tp ns. 
some 9f» per cent of which is processed 
(canned or frozen). World production of 
dry or field peas ( P. sativum arvense) 
amounts to some 4 or ajniUiqn t ons, 3 00 
thousand tons in the United States and ten 


times this much in China, by far the lead¬ 
ing producer. Much of the production of 
dry or field peas is used in stock feed. 

Pea plants are glaucous climbing or trail¬ 
ing annuals adapted to a moderately cool 
growing season and a fair amount of rain¬ 
fall. The leaves have two to six leaflets and 
terminate in tendrils. Stipules are large and 
leaf-like; flowers modest, papilionaceous, 
with a diadelphous staminal tube. I he dip¬ 
loid chromosome number is 14. Both “bush 
and "vine" forms of the species are avail¬ 
able. Peas are grown in spring or summer, 
particularly in Wisconsin and Ontario in 
North America, northern Europe, and 
northern China in Eurasia. Planting may be 
with a grain drill or by broadcasting. Dry 
peas are easily cut and threshed, but inven¬ 
tion of the "viner,” a threshing machine 
capable of removing green peas from vines 
and pods, permitted development of the 
immense pea processing industry of modern 
times. Pea plants often find use as green 
manure, or as hay in combination with 
grasses. They are especially renowned as 
the organism of Gregor Mendels epochal 
experiments that ushered in the science of 


genetics. 



4. Chick or gram peas or garbansos. 

The western Asiatic genus Cicer, including 
a dozen or so species, has contributed to 
man’s larder the chickpea, C. arietinum, 
used both for direct consumption of the 
teed and as forage. The plant is a small, 


herbaceous, glandular-pnhesrept annual, 
with bipinnate, report edly po isonous leaves; 
large, serrate stipules; and nine to fifteen 
leaflets. The pods, som etimes eaten with 
the seeds, are short, bearing only one or 
two wrinkled and pointed seeds of various 
colors. These sometimes serve as a coffee 
substitute. The diploid chromosome num¬ 
ber is 14. The species is grown principally 
in India and is well adapted to semiarid 
conditions. It is an important food for the 
peoples of northern Africa, Spain, and trop¬ 
ical America as well as India. World produc¬ 
tion reaches almost 5 million tons, 90 per 
rent of it from India. United States produc¬ 
tion is an insignificant one or two thousand 
tons annually. 

5. Coivpeas. "Peas” in the Deep South 
of the United States invariably means cow- 
peas or black-eyed peas, Vigna sinensis. Ac¬ 
tually this species is more related to beans 
than to peas. The species of Vigna are erect 
or twining, continuously growing herbs or 
subshrubs of tropical or subtropical origin. 
The leaves are pinnately trifoliolate. In one 
strain, the asparagus or yard-long bean 
(sometimes considered the separate species 
V. sesqui pedal is), the somewhat inflated 
pods exceed 3 decimeters in length. In the 
catjang strain or catjang pea (sometimes 
considered the species V. catjang), rarely 
cultivated, the pods are only about 1 deci¬ 
meter long. Pods of the common cowpea 
are generally 2 to 3 decimeters in length. 

The cowpea has been traditionally con¬ 
sidered native to central Africa, although 
some students believe it to have arisen in 
central Asia. It was introduced into the 
West Indies and thence into the Carolinas 
before the early 1700’s. Today it is perhaps 
more grown as a green manure and forage 
plant than for the black-eye pea dishes 
omnipresent in the South. The species grows 
well on almost any soil, but cannot stand 
cold or frost. After the soil is well warmed, 
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the cowpea is usually planted in rows with 
a corn drill, and thereafter given two or 
three cultivations. Leading producing states 
of the United States are Texas, the Caro- 
linas, and Georgia. Total United States 
production is three or four million bushels 
annually. No statistics are available for 
world production, but this must reach sev¬ 
eral hundred thousand tons, for the species 
is much grown in China and India as well 
as in the southern United States. 

Lentils. The lentil, Lens esculenla 
(L. culinaris), is one of the oldest of legumes, 
and also one of the most nutritious. It is 
believed to be indigenous to southwestern 


nearly two-fifths of it today from the United 
States. 

Peanuts. The peanut, Arachis hypo- 
gaea, an ancient gift from South America 
for making North American ball games and 
circuses more enjoyable, was also discussed 
in Chapter 13. As a food it constitutes a 
national favorite as appetizer and delicacy 
and for making peanut butter. Peanuts are 
also used as stockfeed, particularly for hogs 
(with the hogs doing the harvesting), and 
the tops serve as hay. 

The United States produced something 
more than a million tons of peanuts in 1947, 
a little more than one-tenth of the world 




Asia, and was introduced into Greece and total. This production was chiefly from 
Egypt before Biblical times. The plant is Georgia, North Carolina, Texas, Alabama, 
a small pubescent annual, with pinnate and Virginia. The familiar large-kernel 
leaves bearing four to fourteen leaflets, peanuts come mainly from the Virginia- 
tendrilled terminally. Pods are short and Carolina area; the smaller ‘'Spanish” nuts 
usually contain only two lens-shaped, pea- from die Deep South, where a goodly pro- 
like seeds. The seeds are commonly made portion serves as stock feed, 
into a soup or porridge, and constitute an 


excellent meat substitute. They often serve 
in this capacity among Catholic popula¬ 
tions during Lent. Lentils are not ex¬ 
tensively grown in the United States, but 
constitute an important food in Asia, par¬ 
ticularly India. -* 

^Soybean. The soybean, Glycine max, 
was considered as an oil source in Chapter 
13, to which the reader is referred for a 
discussion of this important species. Since 
ancient times soybeans have been con¬ 
sumed directly as food in Asia, and within 
recent years "edible soybeans” are coming 
to be more widely grown in the United 
States. They constitute a very nutritious 
food, and may be eaten "green” (boiled or 
baked), roasted as an appetizer, or made 
into flour that is used with other flours to 
make breakfast food, bread, and the like. 
World production exceeds ha lf a billi on 
bushels (some 15 million tons) annually, 


9. Other legumes of lesser importance , 

Herbaceous species. 

Pigeon Peas, Cajan Beans, or Congc 

Beans, Cajanus indicus. The pigeon pea i: 

a much-branched, pubescent, trifoliolate 

leaved shrub up to 3 m. high, widely growr 

in tropical and subtropical countries, par 

ticularly India, Equatorial Africa, and the 

East and West Indies. The species is usually 

cultivated where rainfall is less than thai 

best suited to cowpeas. Pigeon peas are 

eaten either as the. green pods or as ripe 

seeds. In Africa they are generally inter 

planted with cereals or root crops in June 

and harvested in December to February 

The pigeon pea rivals alfalfa as a forage 
plant. 6 

Jack Bean, Canavalia ensiformis. The 
erect jack or horse bean is native to the 
West Indies. The young pods are esteemed 
as a vegetable; the herbage serves as forage 
and green manure. Immature jack beans 
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are eaten like lima beans, and are said to 
be the equal of the latter. The species is 
cultivated in almost all tropical countries, 
and to a considerable extent in the south¬ 
ern United States. 

Sword Bean, Canavalia gladiolus. The 
twining sword bean is native to India and 
is widely cultivated throughout the East. 
As with the jack bean, the young pods are 
esteemed as a vegetable. 

Guar Plant, Cyamopsis tetragonaloba. 
This plant was discussed in Chapter 9 as a 
gum plant. It is also used as a green manure; 
and in India the seeds serve as human food. 

Lablar, Bonavist, or Hyacinth Bean, 
Dolichos labial). The labial), one of about 
fifty species in the genus, is a woody, peren¬ 
nial, trifoliolate climber, bearing abundant 
pods. It is reported to be native to India, 
and has been in cultivation since ancient 
times. Both pods and seeds are eaten, al¬ 
though the plant serves more for cover crop, 
hay, forage, and as an ornamental than for 
human food. The species, although peren¬ 
nial, is treated as an annual in cultivation. 

Geocarpa Groundnut, Kerslingiella geo- 
carpa. T his species is another annual Af¬ 
rican groundnut, related to the Bambarra 
groundnut, but only locally cultivated. Like 
the peanut, it too matures the fruit under¬ 
ground. 

Grass Pea or Kasari, Lalhyrus sativus. 
The seed of this legume is consumed only 
in times of emergency, although the plant 
serves as a forage crop. Its range extends 
from India to Spain, and it was known in 
cultivation in ancient Egypt. 

Winged Pea, Lotus telragotwlobus. Both 
seeds and pods of this southern European 
species are edible. It is a small, spreading, 
hirsute annual with trifoliolate leaves. 

Kudzu, Pueraria thunbergiana. The 
kudzu bean is becoming ever more famous 
as a cover crop and forage plant for healing 
die mistreated soils of the southern United 


States. The seeds can be used as human 
food, however, and the species also yields 
a starch from the large roots. Kud/u is be¬ 
lieved to be native to Japan. It is a coarse, 
perennial vine, with large trifoliolate leaves 
and attractive racemes of blue or purple 
flowers. It may be propagated by either 
seeds or cuttings. 

Velvet Beans, Stizolobium. A few of the 
ten or so species of this genus are cultivated. 
All are rank, twining, trifoliolate herba¬ 
ceous annuals, native to Asia. The pods are 
heavily pubescent; hence the common name. 
.S'. deeringianum, the Florida velvet bean, 
is the best-known and most widely cul¬ 
tivated species, attaining considerable im¬ 
portance in the southern states of the 
United States, especially as a pasture, hay, 
and green manure crop. Pulverized beans 
are used as stock feed, but are little eaten 
by people in this country. 

Bambarra Groundnut, Voandzeia sub- 
terranea. On the upper Niger near Tim- 
buctu is found the district of Bambarra, 
Africa, which has given its name to this 
food annual. The Bambarra groundnut has 
been cultivated since ancient times, al¬ 
though it has little economic value today. 
The pods are one-seeded; and, like peanuts, 
which they resemble, mature underground. 
The species is a staple food in the northern 
Gold Coast and Nigeria, where it is planted 
in June and harvested in November. Pro¬ 
duction amounts to a few thousand tons 
annually. 

Tree species. 

The tree legumes have never attained 
great importance as sources of human food, 
although the species locally or potentially 
useful are legion. Particularly in the tropics 
the fallen seeds from leguminous trees serve 
as incidental sustenance to animal life, and 
occasionally to man. One important ad¬ 
vantage rests with tree legumes as a food 
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source, in comparison to annual crops— 
they can be utilized on slopes and soils 
unsuited to cultivation because of the ero¬ 
sion hazard. By planting tree species it 
is possible to make much unproductive 
land at least partially useful to agriculture. 
Only a few of the many useful tree legumes 
can be mentioned here. 

Carob, Ceratonia siliqua. Reference to 
this small, evergreen Mediterranean tree 
has been made in a previous chapter deal¬ 
ing with gums. The pods and seeds are also 
much used as cattle food. 

Honey Locust, Gleditsin triacanthos. 
This common ornamental and forest tree 
of the North American hardwood forest 
belt produces very large pods rich in sugar. 
Serious attempts have been made to es¬ 
tablish the species for production of stock 
feed. 

Locust Beans, Parkia filicoidea, P. big- 
lobosa. The large, edible pods of these 
African trees are consumed for the pulp; 
the seeds are roasted and consumed like 
coffee, or are boiled, pulverized, and fer¬ 
mented a few days to produce a highly 
nutritious protein- and fat-rich food similar 
to cheese. The large trees have fern-like, 
doubly pinnate leaves. They are cultivated 
to some extent, but most of the crop comes 
from the wild. 

Rain Tree, Pithecolobium saman. This 
huge tropical tree is much cultivated 
throughout the world tropics. The pod is 
useful as a stock feed. 

Mesquite, Algarroba, or Keawe, Pro- 
soph sp. This genus, consisting of one or 
more uncertain species ranging from the 
arid southwestern United States to Chile, 
can produce heavy yields of legumes in arid 
climates unsuitable for the usual crops. It 
has been introduced into Hawaii and else¬ 
where, where it grows rapidly in barren 
areas to yield an important stock feed. The 
flowers are an excellent honey source. 


Seeds of Nonleguminous 

Woody Perennials 

This section will be devoted largely to 
the seeds or fruits known as nuts consumed 
for food by man and other animals. None 
are of first importance as world foods; they 
are seldom staples in the diet, even locally. 
Most frequently they are regarded as deli¬ 
cacies, to be consumed as titbits oi 
sweetmeats too expensive for general con¬ 
sumption. Nuts can be handled and stored 
almost as well as can legumes and cereals, 
but of course they cannot be harvested by 
machine. The majority that will be men¬ 
tioned are today cultivated, but many, such 
as Brazil nuts and pinon nuts, are collected 
almost entirely from wild trees. In cul¬ 
tivating nut trees, good use can be made 
of land of inferior agricultural possibilities, 
so that the crop is often complementary to 
cereals and legumes grown under an in¬ 
telligent system of land management. As a 
class of foods the nuts are somewhat dif¬ 
ferent from either the cereals or legumes, 
being, as a rule, a concentrated source of 
fats rather than of carbohydrate or protein. 
A previous chapter has shown how some, 
the coconut in particular, are important 
sources of edible and commercial oils; those 
nuts discussed under Oils (see Chapter IS) 
will not be treated further here. Rather 
arbitrarily, any dry seed from woody plants 
will bear mention in this section, includ¬ 
ing in addition to the true botanical nuts 
(dry, indehiscent, one-seeded fruits) such 
“nuts” as the almond and the walnut, which 
are the seeds of drupes. 

•J 

1. Almonds. Strangely, the almond, seed 
of Prunus amygdalus (P. communis), comes 
from a peach-like fruit, the outer flesh of 
which, however, is not sweet and succulem 
as it is in the peach. Indeed, the hypothesis 
has been advanced that the peach arose 
from an almond-like progenitor. In the 
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An almond orchard. (Courtesy Chicago Natural 

History Museum.) 


peach, we consume the flesh and throw away 
the “pit"; in the almond, we keep the pit 
and discard the thin, fibrous flesh. The 
almond pit is usually naturally ejected from 
the splitting "hull” as the fruit ripens. This 
pit is cracked (in Europe especially) or the 
nut is marketed whole (often in the United 
States), and the seed within, bleached if 
necessary, is consumed raw or is roasted 
to produce the delectable almond nut of 
the confectioner. In relation to other nuts 
the almond has a rather high protein con¬ 
tent (21 per cent). 

The almond plant is a small, graceful 
tree, with slender, alternate leaves and very 
colorful spring blossoms. Certain flowering 
almond strains are much utilized horticul- 
turally. Two varieties of almond occur, the 
sweet (var. dulcis), the usual comestible 
type grown in the United States and south¬ 
ern Europe; and the bitter (var. amara), 
poisonous to eat because of the prussic acid 
content, but from which, in southern Eu¬ 
rope, oil of bitter almonds is extracted, 
the prussic acid being eliminated in proc¬ 
essing. Almonds are propagated by slips 
and by budding, and are well adapted only 
to subtropical, nearly frost-free climates 
similar to that of their native Mediter¬ 
ranean region. In the United States almonds 
are produced chiefly in semiarid California, 



Branch of Lecythis usilala with fruits. The seeds 
are the sapucaia nuts of commerce. (Courtesy Chi¬ 
cago Natural History Museum.) 


Nevada, Utah, and southern Texas. They 
are set in the orchard from the nursery 
when a few feet high, spaced about 30 ft. 
apart. Clean cultivation between trees is 
the usual practice, although occasionally 
legume crops are interplanted. The trees 
bear at three to seven years of age, the fruit 
ripening in the autumn. Varieties are 
usually self-sterile. When the trees become 
established, yields of a half ton of nuts per 
acre are not uncommon. California is the 
leading almond state, producing almostjj.5 
per cent of the 30 thousand tons annual 
production in the United States. World 
production amounts to more th an 100 thou- 
sand tons annually, chiefly from Spain and 
Italy in addition to the United States, thus 
causing almonds to rank with walnuts and 
hazelnuts as the world's most important 
tree nuts. 
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2. Brazil nuts. Rertholletia exceha, Le- 
cylhidaceae, brazil nut, cream nut. nigger- 
toe. or castanha do Parti (chestnut of Para) 
constitutes an important native food and 
export item from the Amazon Valley. The 
Brazilian sapucaia or paradise nut, Lecytliis 
sp. (L. usitata is said to be the species most 
commonly reaching market), of the same 
family, is similar in most respects to the 
Brazil nut but does not reach the world 
market in quantity. B. excelsa is one of the 
most magnificent trees of the rain forest, 
often towering fifty or more meters with a 
straight branchless bole. Twelve to twenty 
seeds or nuts are borne in large, urn-like, 
ligneous fruits, the “monkey pots,” and 
individually are about the size and shape of 
a segment of orange. The name “monkev 
pot” is derived from the fact that monkeys 
frequently wait until rodents gnaw open 
the large ligneous fruit and then take it: 
when they stick a paw in to grab a handful 
of nuts, they are “trapped," being unable 
to withdraw the full fist. The nuts are rich 
in oils, their oil content averaging 65 to 70 
per cent. The seeds, shed from the tree, 
are collected by the sparse populations of 
the upper Amazon, as a part time occupa¬ 
tion. Collectors often wear padding on their 
heads lest they be felled by a falling monkey 
pot bomb. The trees are scattered over 
the better-drained sites throughout the 
Amazon basin. No attempt is made to cul¬ 
tivate them in their native area, and else¬ 
where they have survived but poorly. The 
laige white blossoms appear almost a year 
in advance of fruiting, and furnish a pre¬ 
liminary indication of what yields will be 
forthcoming. But even more important to 
production than tree yield are labor con¬ 
ditions and offering prices in the sparsely 
populated growing area. Only when collect¬ 
ing Brazil nuts from the forest floor becomes 
more profitable and less laborious than 
other.jungle enterprises do considerable 
quantities flow to market. Ordinarily Brazil 



Fruiting and flowering branch of the cashew. 
Anaeardium occidentate. (Courtesy Chicago Natural 
History Museum.) 


nut collecting is sufficiently remunerative 
to cause their value as an export from 
Amazonia to rank second only to that of 
rubber. 

As early as 1633 Netherlands traders sent 
Brazil nuts to Europe, where for centuries 
they were mechanically shelled and then 
re-exported the world over, even back to 
Brazil. Shortly after World War I a domes¬ 
tic shelling industry was established in 
Brazil, and export of both shelled and un¬ 
shelled nuts increased until many thousands 
of tons are now exported annually, mostly 
to the United States (some ten thousand 
tons) and Europe. 

^Tcasheto. The cashew or caju, Amcor- 
dium occidental, Anacardiaceae is probably 
native to the sandy dry “taboleiros” of 
eastern Brazil. The abundant small trees 
have a gnarled appearance and rather un- 
atuactive, small flowers. Vet the pear-like 
fruit (swollen pedicel or receptacle) offers 
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Shelling cashews in India. (Courtesy U. S. Dept, 
of Agriculture. Office of Foreign Agricultural Re- 
la t ions.) 


welcome sustenance to man and beast in 
the isolated lands of low carrying capacity 
where the cashew is found wild. The “pear,” 
in addition to being eaten raw, is made into 
preserves or fermented into caju wine, 
highly esteemed in Brazil. Temperate peo¬ 
ples scarcely know this delicious fruit, hut 
are familiar with the grotesque seed or nut 
borne at its summit as if somehow strangely 
stuck on to the top side of the inverted 
"pear.” This curved seed, the familiar ca¬ 
shew nut, is as astringent when eaten raw 
as an unripe persimmon. 1 herefore all 
cashews entering commerce are roasted be¬ 
fore sale. Cracking of the seed coats follow¬ 
ing a hot oil bath and roasting of the nut 
are now commonly carried out in the trop¬ 
ics, before export of the nuts to the United 
States and elsewhere. T hese are still largely 
hand operations. Production amounts to 
a few thousand tons annually. The nut is 
high in oil content, and nutritious as well 
as tasty. Immense stands still occur wild 
through much of tropical America, but 
selected strains have been introduced into 
India, Mexico, Florida, and the Mediter¬ 
ranean area, where the species is now cul¬ 
tivated for the seed. The United States 


imports nearly 20 thousand tons of cashews 
annually, almost all from India. 

4. Hazelnut or filbert (including Barce¬ 
lona and Turkish nuts). The hazelnut, 
Corylus, Betulaceae, is known in several 
species native to North America, Europe, 
and Asia. The two common wild species 
in the United States are C. americana, the 
common hazel, and C. rostrata, the beaked 
hazel. Both have furnished many seeds or 
nuts (difficult to crack) to both the neophyte 
woodsman and to generations of squirrels. 

The former species particularly has 
yielded selected strains commercially grown 
today. Both species arc small, hairy-leaved 
trees, often locally abundant, in which the 
nut occurs surrounded by a leaf-like, green 
involucre. Of greater importance in the Old 
World but also introduced into the United 
States are several European and Asiatic 
species. C. avellana, a larger European tree, 
is especially grown. 

Hazelnuts are propagated by layering or 
from suckers, or in commercial ventures by 
budding or grafting selected strains onto 
common seedlings grown from autumn- 
planted nuts. Seedlings are transplanted 
to the orchard when two years old, some¬ 
times as an intercrop between larger, more 
valuable nut trees when the latter are 
young. Hazels bear when four to seven years 
old, and produce about one-third ton of 
unshelled nuts per acre. In the United 
States most commercial growing takes place 
in Oregon, Washington, and California, 
producing about 9 thousand tons of un¬ 
shelled nuts annually. Several thousand tons 
are also imported, chiefly from I urkey and 
Italy. World production amounts.to more 
than 100 thousand tons annually, chiefly in 
Turkey, Spain, and Italy. 

5. Pecan. The pecan, Cmya pecan, Jug- 
landaceae, belongs to the pecan-hickory 
group of the hickory genus, well known for 
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other types of hickory nuts in addition to 
the pecan. None, however, has attained the 
importance or the perfection as a commer¬ 
cial nut of C. pecan. The species is native 
to die middle southern United States and 
Mexico, but its importance as a cultivated 
specif has caused it to be selected for 
strains that can be grown as far north as 
Indiana and Virginia. The “paper shell" 
varieties are today America's premier nut 
(aside from peanuts), and usually command 
an excellent market. This, coupled with 
ready glowing and fair yields, has made 
pecan orchards profitable and popular 
throughout the South. The invention of 
suitable shelling machines has further 
widened the market for this delicious nut, 
an energy food consisting of 70 per cent 
or more fat. 

Wild pecan trees in the original forest 
were quite tall and robust, often growing 
to 100 ft. As orchard plants, however, 
smaller trees, less than 50 ft. high at matu¬ 
rity, are preferred. The species is quite 
ornamental, with large compound leaves, 
monoecious flowers in catkins, and a drupa¬ 
ceous fruit, the nut of which forms within 
a leathery outer husk. Through selection 
and grafting thin-shell varieties have been 
developed that are far superior, for man's 
purposes, to the native pecans from which 
they were originally derived. Propagation 
is usually by grafting improved stock onto 
seedlings of wild nuts at about one year of 
age. These are set in the orchard at two to 
lour years, and are generally clean- 
cultivated. Yields average 100 to 200 pounds 
of nuts per acre. Harvest is by hand, after 
die nuts are fully matured and have usually 
fallen from the husks. Light poles may be 
used to beat the nuts from the tree to the 
p-ound. Some large orchards use mechan¬ 
ical tree shakers. Nuts are "cured" for a 
few weeks, then are ready for marketing 
or shelling. If kept over into hot weather 
they should be refrigerated. Production 


exceeds 50 thousand tons annually, mostly 
from Texas, Georgia, and Oklahoma. 

6. Pihon. Piiion nuts, the seeds of a few 
species of pines, particularly P. edulis, P. 
monophylla, and P. cembroides, Pinaceae, 
native to the semiarid southwestern United 
States and Mexico, were and still are an 
important item in the diet of the Indians 
in that area. 

The species have never been cultivated, 
but annual excursions by Indians and 
other collectors among the distant wild 
stands provide a considerable supply for 
commerce. The nuts are picked from the 
ground, taken from squirrel caches, or 
extracted by hand from cones knocked from 
the tree. About 20 lbs. per day constitute 
good collecting. These seeds have become 
so popular as a confection that there is 
danger that wild stands will be severely 
decimated, inasmuch as insufficient seed is 
left to reproduce the species naturally. 
Heavy crops of nuts are borne cyclically, 
about every five years. In years of abun¬ 
dance as much as three thousand tons of 
pihon nuts are gathered. The seed coat or 
shell is thin, and the kernel is 60 per cent 
fat. 

7. Pistachio. The pistachio or green al¬ 
mond, Pistacia vera, Atiacardiaceae, is na¬ 
tive to Syria but is cultivated throughout 
southern Europe, southwestern Asia, and 
to some extent in the southern United 
States. It is a small, dioecious, dry-climate 
tree, with essentially evergreen leaves and 
small clustered flowers. The fruit is a drupe, 
of which, as in the almond, the seed con¬ 
stitutes the nut of commerce. This nut is 
often salted in brine before consumption. 
Pistachio nuts have a “resinous” flavor, and 
are widely used in nut mixtures and as a 
flavo! for ice cream and confections. The 
unned States unports some fifteen hundred 
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Harvesting walnuts in orchard in Willamette Valley, Oregon. (Courtesy Economic 

Ilolany.) 


tons annually, chiefly from Turkey. The 
tree is propagated by budding. 

Walnuts. Several types of walnuts. 
Juglnns, JugUindaceae . are important as 
commercial nuts. 1 lie black walnut, /. 
nigra, one ol the premier forest trees of the 
United States in the hardwood belt, was 
mentioned in an earlier chapter as the most 
valuable domestic wood of the United 
States. When cultivated it is usually planted 
for the wood rather than for the fruit, but 
sufficient walnuts are collected from wild 
and cultivated trees to provide increasingly 
popular black walnut kernels for ice cream 
and confections/1 he nuts are the pits_of 
drupe-like fruits and areextremely hard 
to extract, even after the leathery outer 
husk, which leaves a disagreeable stain, 
has decayed away. Seldom can the kernels 
be removed entire, so that black walnuts 


are usually utilized fragmented, as a flavor¬ 
ing, rather than as whole kernel nuts. 
Production is chiefly by incidental collect 
ing and home shelling, usually carried out 
by women and children of rural areas in 
the east central United States. The butter¬ 
nut, 7. cinerea, with the same general range, 
is similarly collected and locally consumed, 
although not important commercially. Both 
species were esteemed as a food by the 
American Indians, as were also a few species 
of the genus indigenous to the western 
United States. 

The English or Persian walnut, J. regia, 
is native to Persia but is extensively cul¬ 
tivated in southern Europe, China, and 
other parts of Asia. Within recent decades 
it has been introduced into California, 
with such success that that state has be¬ 
come the leading producing area of the 
world. The Persian walnut isjUalfi-kand- 
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some, pinnately leaved tree , ornamental as 
well as commercially useful. It is ordinarily 
grafted onto American walnut species stock 
in propagation. The nuts are often mar¬ 
keted with only the outer hu sks rem oved, 
the kernels being much more easily freed 
from the peri carp than are th ose of the 
black walnut. World production has re¬ 
cently averaged more than 100 thousand 
tons annually, more than half (70 thousand 
tons) from California and Oregon and the 
remainder chiefly from France and Italy. 

9. Nuts of lesser importance. Acorns. 
The nuts of many species of oak, particu¬ 
larly white oak, Quercus alba, Fagaceae, 
of the eastern United States, were a staple 
in the diet of many tribes of American 
Indians. The acorn was crushed, leached, 
then cooked in various ways (see Chapter 
15, page 357). Today acorns are little con¬ 
sumed by man except perhaps by the 
poorer rural peoples of Spain and Italy, 
but over much of the world they constitute 
prized hog forage. 

Beech. Seeds from the spiny husk of the 
American beech, Fagus grandifolia, Faga- 
ceae, and the European beech, F. sylvatica, 
serve today, like acorns, mostly as hog or 
wild animal forage except locally among 
poorer Europeans. 

Chestnut. The native North American 
chestnut, Castanea deniata, Fagaceae, has 
been thoroughly eliminated by chestnut 
blight throughout most of its natural range 
in the eastern United States. Once an im¬ 
portant source of market nuts, it supplies 
today only an intermittent supply from 
chestnut stump sprouts reaching fruiting 
stage before being killed by the blight. The 
European chestnut, C. saliva, produces nuts 
much esteemed in Europe, a few thousand 
tons of which are imported by the United 
States annually, mostly from Italy. 

The Chinese chestnut, C. mollissima, and 
the Japanese chestnut, C. crenato, are im¬ 


portant in the Far East, although the nut 
is inferior to that of the European and 
American species. These species are resist¬ 
ant to chestnut blight, and offer hope that 
through hybridization,.the chestnut may be 
once again established in America. The 
Australian Moreton Bay chestnut, Castano- 
spennum australe, which yields even larger 
nuts than the European chestnut, was in¬ 
troduced into California but has not yet 
been commonly cultivated. 

Ginkgo. The starchy seeds of the Gymno- 
spermous Ginkgo biloba, Ginkgoaceae, are 
used for food in Japan and China, and are 
sometimes marketed in "Chinatowns” of 
the United States. The seeds are prepared 
by fermenting off the fleshy covering and 
then boiling or roasting. Raw they are 
mildly poisonous, often causing a derma¬ 
titis. 

Hackberry. Celtis occidentalis, Ulma- 
ceae, the native hackberry or sugarberry 
of the hardwood forests of eastern North 
America, produces a small berry-like fruit 
formerly consumed by the American In¬ 
dians. 

Hickory. The pignut hickory, Cary a cor- 
diformis, Juglandaceae; the shagbark hick¬ 
ory, C. ovata; and other hickories frequent 
in the hardwood forests of the eastern 
United States furnish comestible nuts dtat 
sometimes reach markets. None are as es¬ 
teemed as are the pecans, die best known 
of hickory nuts. 

Oysternut. Telfairia pedata, Cucurbita- 
ceae, yields large, flat seeds, die oysternuts, 
from a gourd-like fruit of a dioecious, 
clambering tropical African vine. Long rel¬ 
ished by African natives, these seeds have 
recently become an article of international 
trade as a dessert nut. They may be eaten 
euher raw or roasted. Mature seeds are 
collected either from die wild or from hap¬ 
hazardly cultivated vines, and the kernel 
removed by hand from its enclosing integu¬ 
ments, usually with the aid of a penknife. 
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The pili nut, Canarium album. (Courtesy Paul H. 

Allen.) 


Pignolia. The seed of the European pine, 
Pitius pitied, Pinaceae, furnishes the pi¬ 
gnolia nuts common on European markets. 
These resemble long, narrow pinon nuts. 
Various other European and Asiatic pines 
yield edible nuts known under many local 
names. 

Pili. The thick-shelled, fatty pili nuts or 
Javanese almonds of the Far East are the 
seeds of Canarium ovatutn and other spe¬ 
cies, Burseraceae. They are consumed raw 
or roasted, or are sometimes utilized as an 
oil source. The seed occurs as the pit of an 
edible plum-like fruit. I his species has been 
introduced into North America. 

Queensland Nut. The large, smooth, 
shiny nuts of the evergreen Australian 
Macudatniu ternifolia, Protaceae, arc known 
as Queensland nuts or Australian nuts. The 



South American sounri nuts, Caryocar g/abrum. 
(Courtesy Chicago Natural History Museum.) 


species has been introduced into the United 
States, South Africa, the Mediterranean 
area, and elsewhere. 

Souari, Swarri, Butter, Paradise, or 
Guiana Nuts. Species ol Caryocar, Caryoca- 
raceae, are abundant tropical trees of north¬ 
ern South America. The nuts somewhat 
resemble Brazil nuts, but are much larger 
and richer in taste and have a thick shell 
nearly impossible to crack. The woody 
capsules weigh as much as 25 lbs. and re¬ 
semble rusty cannon balls when fallen to 
the ground beneath the tree. 

Terminally. Species of the tropical genus 
Tenninalia, Combretaceae, bear nut-like 
fruits. T. catappa, the tropical almond, has 
a walnut-like fruit, the flavor of which is 
said to resemble that of the hazelnut. 

Wingnut. Species of Plerocarya, Jugland- 
aceae, may serve as nut trees in the Orient, 
where there occur about eight species. 1 hey 
are monoecious, deciduous trees, with small, 
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winged fruits that ripen in September to 
October. All species are adapted to warm 
temperate climates such as prevail in the 
southern United Stales. 

Miscellaneous. For a discussion of ad¬ 
ditional, little-known nuts see F. N. Howes, 
Nuts: Their Production and Everyday Uses 
(London: Faber and Faber, 1948). 

Forage Plante: Legumes and Grasses 

It is fitting that this chapter close with a 
listing of forage plants, which man uses to 
turn plant carbohydrate and protein into 
meat and dairy products. Such plants are 
obviously exceedingly important in the 
world economy, although they represent 
an indirect utilization of vegetation by 
man. All the important cultivated forage 
plants belong to the grass or legume fam¬ 
ilies, already discussed as food plants in 
some detail in this and previous chapters, 
although stock will, of course, browse or 
graze upon plants of many types and of 
many families. Among the legume and 
grasses many wild species as well as the 
cultivated species are of importance for hay 
and pasture. Throughout the world hun¬ 
dreds of forage species, wild and cultivated, 
are, at least locally, of great importance 
m animal sustenance. It is obviously im¬ 
possible to list all the species in this section, 
even were information concerning them 
available. A few paragraphs, however, can 
be devoted to those that are better known, 
especially in the United States. First to be 
considered will be the forage legumes; then 
the grasses. 

What forage plants were first utilized by 
man can only be surmised, and doubtless 
the first domesticated animals were left 
more or less to shift for themselves. But 
with man’s occupation of colder or more 
northerly areas, the growing of forage in the 
abundance of summer to provide winter 
animal feed became man's responsibility. 


First reliance was probably upon wild hay 
and hand pulling, but as populations be¬ 
came abundant the planting of hay and 
pasture crops, and techniques for their cur¬ 
ing and storage, entered into early agricul¬ 
ture. In those early days, when warfare 
largely involved the use of horse or camel, 
hay even became a strategic material. Al¬ 
falfa, for example, was carried into Greece 
by invading Persians five centuries before 
Christ, possibly as the first cultivated forage 
plant. Later the Romans developed certain 
grazing and hay curing practices, and dur¬ 
ing the Dark Ages the Saxons, at least, 
recognized clover as a valuable forage plant. 
Modern development of forage science has 
since come largely from northern Europe 
and North America, where it is a vital com¬ 
ponent of agronomic learning. 

In North America the Indians were little 
concerned with forages, lacking as they did 
herbivorous domesticated animals. Colo¬ 
nists early introduced horses, swine, cattle, 
sheep, goats and chickens, and at once a 
winter feeding problem arose. The natural 
low-lying and swampy meadows of the At¬ 
lantic seaboard first provided cut forage, 
included in which were undoubtedly such 
grasses as wild rye, Elymus; broomsedge, 
Androl)ogon; beachgrass, Ammophila; and 
switchgrass, Panicum, to say nothing of 
sedges and Juncus. When colonization 
reached first the tallgrass and then the drier 
shortgrass prairies of the western United 
States a rich region of native hay grasses, 
including wheatgrass, Agiopyron; bluestem! 
Andropogon; grama, Bouteloua ; needle- 
grass, Stipa; etc., fell before the inexorable 
tide of agricultural advance. It was upon 
these prairies that the American “wild 
west” was nurtured and the “cowboy- 
legend born, and still today it is from these 
now overexploited and deteriorating plains 
that most American meat comes to market. 

But few native forage plants have proven 
so successful under cultivation as have sev- 
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eral introduced species, in the search for 
which Americans have frequently scoured 
the globe. In this development ol high 
quality forage plants perhaps no other 
country has achieved equal success. Early 
introductions from Europe include several 
clovers, blucgrass, crabgrass, timothy (most 
important hay grass in North America for 
decades), orchard grass, alfalfa (most im¬ 
portant hay legume), millet, sorghum, 
Sudan grass, Johnson grass, etc. Recently, 
improved strains of these, other clovers, 
lespede/a, soybean, cowpea, kud/u, peanut, 
bronie grass, etc. have contributed much 
to North American agricultural produc¬ 
tivity, so that among cultivated crops today 
hay acreage ranks second only to mai/e, 
slightly ahead of wheat. In total United 
States production alfalfa ranks first (more 
than 33 million tons), followed closely by 
clover-timothy grown in mixture. The al¬ 
falfa belt centers chiefly in the northern and 
western parts of the country, the timothy- 
closer belt in the northeastern part. The 
South relies chiefly on annual legumes (viz. 
lespede/a, cowpeas, vetches, etc.) and such 
grasses as Johnson, Sudan, and Bermuda, 
while the more arid Southwest relies to a 
great extent upon various sorghums. 

1. Forage legumes. Among the legumes 
utilized as forage or green manure plants 
are many ol those discussed for their edible 
seeds in the second section ol this chapter. 
Thus soybeans, cowpeas, velvet beans, cer¬ 
tain vetches (I'icia), peas, kud/u, peanuts, 
lablab beans, and others already treated 
will not be listed a second time here. 

Anthyllis. The drought-resistant kidney 
vetch, A. vulneraria, one ol about twenty 
species of perennial Old World herbs or 
subshrubs, is indigenous on dry pastures 
and banks throughout Europe and western 
Asia. It is used in pasture mixtures, es¬ 
pecially for sheep. 

Croialaria. A number of the few hun¬ 


dred species of this genus, in the United 
States particularly the annuals C. striata 
and C. spectablis, are used as green manure 
but seldom as direct forage, since the seeds 
and hay are reported to be unpalatable or 
even at times poisonous to stock. 

Dksmodium. This genus of frequent 
weeds reportedly furnishes a forage and 
hay crop, in the West Indies, from the 
perennial D. tortuosum. The pod is also a 
good protein supplement in chicken feeds. 

Lathyrus. The sweet pea genus con¬ 
tributes a few forage species ol minor im¬ 
portance, particularly the annual L. sativus, 
the grass pea, native to southern Europe 
and western Asia. L. tangitanus, the tangier 
pea, finds use as a forage crop in Algeria. 

Lkspkdkza. Few forage plants have re¬ 
ceived more attention in recent years than 
the lespedezas, perennial or annual herbs 
or undershrubs very valuable for hay and 
pasturage and for game cover. Asiatic spe¬ 
cies have found greatest use, especially the 
perennial L. sericea, and the annuals L. 
striata, the common lespede/a, and L. sli- 
pulaceae, the Korean lespede/a. The latter 
two species are slender, prostrate, purple- 
flowered types that generally are able to 
maintain themselves through natural seed¬ 
ing. Their ability to grow on poor soils 
makes them especially valuable in soil 
conservation. They are hot-weather, short- 
day plants, grown in the United States from 
southern Indiana and Ohio southward, but 
not west of Kansas. The winter-hardy L. 
sericea has been most used as an erosion 
control and wildlife cover in the south¬ 
eastern United States. Lespedezas are drill- 
planted or sown broadcast and are cut for 
hay when they first come into bloom. One 
to three tons of hay per acre is a probable 
yield. Nearly 100 thousand tons of lespede/a 
seed are produced in the United States 
annually, particularly in Missouri, Tennes¬ 
see, and the Carolinas, in addition to almost 
10 million tons of hay. 
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Loading cut alfalfa for hauling to a dehydration plant in Kansas. (Courtesy 

Economic Hot any .) 7 


Lotus. The perennial L. cornirulatus, 
birds-foot trefoil, is common in meadows 
and pastures ol Europe and is grown to 
some extent in the cooler sections ol the 
United States. 

Lupin us. Various annual lupines arc used 
[or soil improvement purposes, particularly 
in western and central Europe. Some 
lupines ol the western United States are 
poisonous to stock. 

Mkdicago. The genus Medicago has sup¬ 
plied the foremost forage plants of the 
world, being especially noted for the peren¬ 
nial alfalfa (~ medic, lucerne), M. saliva. 

A few an «ual species, the bur clovers, M. 
arabtea ( = maculata), M. hispida, and to a 
muted extent other species, have attained 
importance as winter annuals in southern 


regions, germinating in autumn and .grow¬ 
ing vigorously during winter to mature in 
summer. I hey thus complement hot- 
weather pasture grasses such as Bermuda 
grass, furnishing winter pasture while the 
grass lurnishes summer pasture. In addition 
to being widely used from the Carolinas to 
Iexas and on the Pacific Coast, they are 

extensively grown in Australia, Argentina 
and Chile. 

alfalfa. i s the most valuable 
h »y plant of the United States, yielding 
about 33 million tons annually. This pro¬ 
duct,on is almost matched in Argentina, 
and probably also in southern Europe and 
in Asia. 1 lie quality of alfalia, too. is 
supreme, and i, has high carrying capacity 
as a pasture crop. When use,I in crop 
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rotation, it benefits the soil and, because 
ol its prolific growth, acts as an effective 
weed control. Two (the recommended num¬ 
ber) to six machine cuttings are made per 
year. Yields run as high as 8 tons per acre, 
l'he seed is inoculated with proper bacteria 
upon sowing, and may be broadcast or drill- 
planted. Alfalfa losses result chiefly horn 
winter killing of strains that lack hardiness, 
attack by alfalfa wilt on nonresistant strains, 
and delayed cutting. 

'l'he species is probably native to Persia, 
and was one ol the first domesticated forage 
plants. It was spread throughout the world, 
first by Near Eastern peoples and later by 
Spanish colonizers. Alfalfa has a deep tap 
root, a characteristic facilitating water 
absorption under dry conditions. Many 
erect, slender stems arise from the crown, 
and bear triloliolate, stipulate leaves. 
Flowers are axillary, and disperse pollen 
explosively by a “trip mechanism" when 
the wing petals are separated, as commonly 
by bumblebees. The pods are tightly coiled 
upon themselves in maturity. Many strains 
have been developed to suit differing cli¬ 
matic /ones; some are winter-hardy as far 
north as Canada. Af. jalcata, Siberian al¬ 
falfa, is a similar perennial, but one with 
yellow flowers. Af. media, sand lucerne, is 
generally accepted as a natural hybiid 
between Af. saliva and Af. jalcata. Af. ar¬ 
bor e a and Af . lupulina are cultivated to a 
limited extent. The latter, black medic, is 
a frequent pest in lawns. 

Alfalfas are grown in almost all states of 
the United States, although not widely in 
the Deep South. Leading producing states 
are California, Michigan, Wisconsin, and 
Minnesota. United States production of 
seed amounts to more than 1.5 million 
bushels annually. Alfalfa seed is best pro¬ 
duced in semiarid regions under irrigation, 
where uncontrolled moisture cannot en¬ 
courage excessive vegetative growth. Alfalfa 
is a crop of especial importance not only 


in the United States but also in drier parts 
of India and central Asia to Asia Minor and 
the Mediterranean area, and in temperate 
parts of South America. 

Mflilotus. Two species of the genus, Af. 
alba, sweet clover, and Af. officinalis, yellow 
sweet clover, are fairly important as culti¬ 
vated and escaped forage plants. Both are 
annual or biennial erect herbs, with tri- 
foliolate leaves and slender axillary racemes 
of small fragrant flowers. They are excellent 
bee plants in addition to being fair hay 
plants and fine soil builders. Both are 
believed native to western Asia, and until 
recent decades were a weed in grass and 
alfalfa seedings rather than cultivated 
plants. The species are most grown in the 
United States in the Plains States, with 
Kansas the chief seed-producing state. Total 
United States production is better than one- 
half million bushels of seed and up to a 
million tons of hay annually. Af. indica, 
sourclover, is an upright winter annual in 
the southwestern United States and in Mis¬ 
sissippi and Alabama. 

Onobrychus. Sanfoin or espersette, 0. 
viciaefolia, is a perennial indigenous to 
southern Europe and western Asia. It is 
slower to establish itself than is alfalfa, but 
is considered of special value on dry, porous 
soils. 

Ornithopus. Serradella, O. sativus, is a 
vetch-like annual native to the Iberian 
peninsula. It is cultivated as forage and 
green manure in Europe. 

Sesbania. S. macrocarpa is an upright 
annual of the southern United States and 
Mexico, somewhat used for soil improve¬ 
ment. 

Trifolium. Alfalfa's only rival among 
leguminous forages is the clover genus, 
Trifolium, which consists of innumerable 
triloliolate herbaceous species. Most species 
are perennial, but the annual crimson 
clover, T. incarnatum, native to Europe, 
has long been cultivated there for forage 
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and soil improvement. It was introduced 
into the United States, being recorded here 
by 1818, and is grown in the southeastern 

states as a winter annual. Recently a strain 

/ 

was developed in Alabama that shows de¬ 
layed seed germination, and thus permits 
the usual corn or cotton crops to be planted 
between cover crops of crimson clover. 
Another annual of comparatively minor 
importance is T. alexandrinum, beerseetn 
or Egyptian clover, native to the Near East. 

The biennial red clover, T. pratense, 
was formerly the leading leguminous hay, 
high in protein and rich in mineral content; 
today it ranks second to alfalfa. Red clover 
was apparently domesticated in the Near 
East, and has only comparatively recently 
(a matter of a few centuries) been employed 
as a hay and pasture plant in Europe and 
America. It is a humid region crop, and is 
most grown north and east of Missouri in 
the United States, and in northwestern 
Europe. New York is the leading producing 
state in this country. Seeding is usually by 
drill, in the autumn. The first year's crop is 
used for hay, the second year's for seed or 


naturalized in all moist temperate areas of 
the world. It is a stoloniferous, abundantly 
tuberculate perennial found extensively in 
pastures and lawns, and known in many 
races and varieties. 

Strawberry clover, T. fragiferum, is native 
to the Mediterranean area and Asia Minor, 
and comparatively recently has been in¬ 
troduced into the United States. It is 
adapted to the same conditions and uses as 
white clover. T. subterraueum, a perennial 
of southern Europe, and several other 
clovers are of comparatively minor im¬ 
portance. 

Vicia. Mention was made of V. faba, the 
broad bean, and of several of the forage 
vetches, in an earlier section of this chapter. 
The spring vetch, V. saliva, and the hairy 
vetch, V. villosa, are perhaps the most 
grown vetches in the United States. The 
former is a spring or winter annual grown 
particularly on the Pacific Coast; it is cut 
for hay at the last bloom. The latter is used 
most as a winter cover crop in the southern 
United States. 


green manure. United States production 
of seed is about 2 million bushels annually, 
mostly from Illinois. 


2. Forage grasses. Perhaps even more 
so with grasses than with legumes, die 
species important for seed are also used as 
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One ol the biggest problems facing North 
America today is that of re-establishing 
grasses on the overgrazed prairies and mar¬ 
ginally cultivated lands ol the West. There 
soil has eroded as valuable glass cover was 
iost, with the result that it is now impossible 
for good grazing grasses or worth-while 
pasture to grow. Parts of the once rich 
prairie are now desolate or clothed in 
unpalatable blush, and only a small portion 
has not suffered to a greater or lesser degree 
from poor management and human avarice. 
Intensisc government efforts at reseeding 
good range grasses, both by airplane and by 
the more traditional technicpies. is helping 
to some extent. Hut the conservation- 
minded are still opposed by the exponents 
ol immediate profit—profit even at the ex¬ 
pense of the range. Only if overgrazing is 
stopped and proper grazing techniques are 
followed can the United States hope to 
maintain anything approaching the original 
-and the potential-carrying capacity of 
the vast western plains-plains that once 
sustained innumerable herds ol buffalo. 
The original capital ol extensive natural 
grass range has about run out. It is ardently 
to be hoped that enlightened cattlemen and 
suitcase farmers will not let the range 
deteriorate further. The problem is not 
confined to North America alone: the great 
natural grasslands of the world are in a 
similar plight. 

Timothy. The perennial timothy or 
lntrd's grass. Phleum pratense , was long the 
most widely cultivated hay grass in the 
United States, the extent ol its cultivation 
being nearly equal to that of all other hay 
grasses combined. It is little used in pasture 
mixtures, however, since it will not stand 
close grazing or trampling. Timothy is na¬ 
tive to Europe and western Asia, and is 
adaptable to tool, moist climates. It can be 
grown successfully even in the latitude ol 
the Arctjc Circle (Sweden and Norway) and 
is usually seeded in combination with red 


clover. Production of timothy seed in the 
United States amounts to some 1.5 million 
bushels annually, chiefly from Iowa, and 
at one time, during the era of the horse, 
3-1 million acres were sown to timothy 
annually. 

i 

Win at Grass, Agropyron. Several species 
ol this genus are important perennial for¬ 
ages of cool, dry regions such as the northern 
Prairie States ol the United States. A. 
nistalum. crested wheat grass, native to the 
northern USSR, has been much employed 
in reseeding the North American range. A. 
pnucillorutn, native to North America, is 
not so drought-resistant as A. cristatum, but 
is extensively planted from the Pacific 
States to Wisconsin. A. smilhii, A. spicatum, 
and A. innrne are other useful species. 

Bf.nt Grass, Agrostis. A. alba, redtop, is 
the most used species of this genus in North 
America. A. palustris, creeping bent, is the 
most important in cool, humid parts of 
Europe. The perennial redtop is grown in 
the same general area as is timothy, often in 
combination with alsike clover, and is re¬ 
garded as the best cultivated wet land grass 
used in North America. It is usually seeded 
in spring. 

Bluestem, Andropogon. Species of blue- 
stem are important perennial grasses of cool, 
dry regions of the United States, and are a 
principal constituent of wild or prairie hay. 

Tall Meadow Oat Grass, Arrhena- 
tlierum elatius. The species is a hardy 
perennial bunch grass a few feet tall, green 
all winter in the South, and giving a heavy 
yield of hay. It is a poor seeder, but is 
nevertheless grown throughout the mid¬ 
eastern United States and on the Pacific 

Coast- 

Carpet or Louisiana Grass, Axonopus 
compressus. This species is a perennial 
creep grass, important for grazing in the 
hot, humid parts of the Deep South, from 
coastal Texas to the Carolinas. 
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Brome Grass, Browns. Strains ol broine 
grass have become very important as cul¬ 
tivated forage plants lor drier, cool areas. 
Particularly, smooth brome, B. inennis, a 
drought-resistant perennial indigenous to 
Europe and Asia, has been widely planted 
in the central and northern plains of the 
United States. It is also extensively utilized 
in central Europe. Brome grass is one of the 
most palatable pasture grasses, and vields 
as much as 3i/£ tons of hay per acre. 

Buffai o Grass, Buchlor daclyloides. This 
is an important native grass of the cool, 
dry prairies of the North American Great 
Plains. 

Grama Grasses, Bouteloua. Blue grama, 
B. gracilis, and side-oats grama. B. curti- 
pendula, are important prairie species of 
the northern plains area of the United 
States. Other gramas are of equal impor¬ 
tance in the Southwest. 

Bermuda Grass, Cynodon dactylon. This 
perennial Indian species is the most im¬ 
portant pasture and lawn grass of the warm, 
humid southeastern United States. It can 
stand close grazing, and grows and spreads 
rapidly at high temperatures but becomes 
dormant in cool weather. 

Orchard Grass, Dactylis glomerata. This 
species is common in the mideastern United 
States, where it is often a weed; it is found 
to some extenr in all parts ol the country. 
It is handled like timothy, but is not as 
winter-hardy as timothy. 

Wild Ryes, Elymus. E. canadensis, E. 
triticoides, and E. glaucus are especially im¬ 
portant as native pasture grasses of the 
Pacific Northwest of the United States. 

Love Grass, Eragroslis spj>., especially 
Sand Lovegrass, a bunch grass native to the 
Kansas area, is finding increasing use in 
seeding sandy or severely eroded land. 

Meadow Fescue, Festuca elatior. This is 
a hardy perennial adapted to cool, humid 
regions; in the United States it is grown in 
ew *- n g ,a nd and to a lesser extent in the 



Fine forage produces fine beef. Angus cattle on 
blucgrass pasture in Missouri. (Courtesy Missouri 
Botanical Garden.) 


Midwest. It is more tolerant of high sum¬ 
mer temperatures than are bluegrass and 
timothy. Fescue is primarily a pasture grass, 
but can also be used for hay. Kentucky 
fescue 31 is a recent selection by a discern¬ 
ing county agent who noticed the mid¬ 
winter green of Kentucky hillsides and 
found that it was due to this grass. It offers 
great promise for winter pasture. Alta 
fescue is a similar selection made in Ore¬ 
gon. Both Kentucky 31 and alia fescue arc 
considered the botanical variety F. elatior 
arundinacea. 


rtiLARiA. ibis genus, in several species, 
furnishes important native pasture grasses 
ol the southwestern United States. 

Rs ecrass, Loliimi. The usually annual 
Italian ryegrass. L. multiflorum, and the 
perennial English ryegrass, /.. pnrnne. are 
utilized in the United States as lawn pas¬ 
ture and hay plants in cool, moist regions. 
They are more useful, however, in north- 
western Europe, owing to their inability to 
withstand drought or the winter cold pre- 
vailnig over much ol North America 
Panicum. At least one species of this 
genus .s important as a native pasture plant 
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in the seniiarid southwestern United States, 
and guinea grass. R. maximum, native to 
Africa, and Bahia grass, T. nntulum. native 
to Mexico and the West Indies, are culti¬ 
vated in the extreme southern United 
States, tlte former as a ha\ crop and the 
latter as a pasture grass. Guinea grass is 
perhaps the most famous ol all tropical 
lorage glasses. 

Pasralum, Dallis grass, P. <lilatatum . and 
vasey grass, P. mvillei, native to Argentina, 
are perennial species utili/ed in subtropical 
North America, in the United States from 
Texas to the Carolinas. 

Ri t i) Canary Grass, Pli a laris arundina- 
cm. T his widespread spec ies (North Amer¬ 
ica, Eurasia) is especially valued lor low- 
lying, even swampy, areas, but will grow 
in dry areas as well. It serves as a hay plant; 
in addition, the seed is collected for use as 
birdseed. 


Bi ckc.rass, Pna. A number of species of 
ibis genus are very important as lawn and 
pasture grasses. Most uselul is the aggres¬ 
sive /'. / mitensis , Kentucky blucgrass, native 
to Europe but naturali/ed throughout the 
cool, moist portions ol North America. Its 
greatest drawback is inability to withstand 
summer heat. P. compressa, Canada blue- 
giass, also a perennial, and P. annua, annual 
blucgrass, are Irecjiient in the eastern United 
States. Several Eurasian and native species 
are grown in the western United States. 

Slough Grass, Sparlina micliauxiana. 
This is another native species of the Ameri¬ 
can Great Plains, constituting, together with 
bluestems and wheat grasses, an important 
element ol prairie hay. 

Natal Grass, Tricholaena rosea. Natal 
grass is a tropical species introduced into 
Florida; it has merits as a lorage grass for 
the Gulf Coast and southern California. 
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CHAPTER 18 


Vegetables: Root, Stem, and Leaf Crop. 


Carbohydrates, fats, and proteins suffi- 
cient to satisfy the human diet can be largely 
obtained, directly or indirectly, from the 
legumes, grasses, and pseudo-cereals dis¬ 
cussed in the preceding two chapters. Yet if 
civilizations were to rely solely upon such 
seed plants, meals would indeed lack variety, 
and possibly nutritional balance in vitamins 
and minerals as well. Enormous numbers of 
peoples, especially poorer residents of the 
tropics, exist almost entirely on "rice and 
beans’ —and consider themselves fortunate 
if they are able to secure adequate quanti¬ 
ties of these. But in areas with higher 
standards of living a day seldom passes 
without one or more “vegetables” being 
served at the table. These may come from 
roots (sweet potato), underground stems 
or rhizomes (Irish potato), stems (asparagus), 
leaves (cabbage), or inflorescences (cauli¬ 
flower). Even some botanical fruits (tomato, 
squash, and the like), to be considered in a 
subsequent chapter, are looked upon as 
"vegetables." The present chapter will be 
devoted to the great variety of vegetable' 
crops exclusive of fruits. First “root crops” 
will be taken up, plants whose under¬ 
ground portions, whether root, rhizome, or 


corm, are consumed as food. Then a dis¬ 
cussion of “green vegetables” will follow, 
plants in which the above-ground portions 
are consumed as food, usually fresh, canned, 
or frozen. 


Root Crops 


1. Irish or white potato . The co mmon 
p otato, Solatium tuberosum • Solanaceae , 
destined to become a sta ple'second to none 
m much of the white man’s world, was fim 
domesticated i n antiquity by tKeTndians 
on the high slopes of..the Andes.'" It was 
tobecome not only a prime food of the 
Western peoples, but also a source of starch, 
flour, dextrin, syrup, several alcohols, fod¬ 
der (in Europe, especially for hogs), and a 
host of other minor industrial products. Al- 

America until 

introduced there by European colonists, the 
Irish potato was the main food in the 

d “! ° f . Andean Indian. As has been 
said, Uisddficult to store so fleshy and moist 

P° lato rh j zom e - Consequently 
thTTncans often airUrfrd their potatoes 
(usually following frosting and treading 
upon them) and then, often, baked them 
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A field of growing potato plants. (Courtesy Chicago Natural History Museum.) 
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into a bread-like "chuno,” which keeps 
better than raw tubers but still develops, 
after a while, a smell described as worse 
than that of rotting flesh. Of course the 
potato was also consumed boiled or baked, 
directlv as taken from the soil, but much 
spoilage could be expected for the crop left 
in the ground, especially if sudden freezes 
occurred. Today chips, starch, and various 
dried products are made from the potato, 
but most of the crop is consumed in its 
natural state as the daily potato dish of the 
European and North American table. 

An unknown benefactor first introduced 
the Irish potato into Spain, about the close 
of the sixteenth century, long before it had 
ever seen Ireland. From there it spread to 
Italy, and then eventually to Austria, Ger¬ 
many, and the British Isles. In northern 
Europe it was destined to keep Germany 


alive during two world wars: and it became 
so important in Ireland that its failure from 
blight in 1845-17 caused the wholesale 
migration of overcrowded Irish peoples to 
a new land across the ocean, thus affecting 
the destiny of the United States. Like any¬ 
thing new and unfamiliar, the potato met 
prejudice, being denounced from Scottish 
pulpits, for example, as unfit for Christian 
tables (since not mentioned in the Bible), 
and at the same time, paradoxically, as the 
forbidden fruit of Genesis. But Frederick 
the Great of Prussia ordered potatoes widely 
planted (albeit, with a touch of superstition, 
in the dark of the moon, to be harvested at 
Michaelmas): and at the instigation of one 
Auguste Parmentier, who was attempting 
amid widespread scoffing to introduce 
potato growing into France, Marie Antoi¬ 
nette appeared at a royal ball wearing a 
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wreath of potato blossoms in her hair. 
Meanwhile New World settlers were bring¬ 
ing the potato to North America, where its 
worth was widely realized and its planting 
became ubiquitous. Within the last century 
potato growing has needed no encourage¬ 
ment, and yields and quantity have been 
steadily improved, to make the potato one 
of the world's greatest crops. 

The white potato is a tuber, the swollen 
tip of the underground riuzome of the 
weak-stemmed, pinnatel y leaved a nnual 
p otato "vine." That it is a stem rather t han 
a root is apparen t from the “eyes"-nodes 
con taining three or more small buds capab le 
of growth into a new plant. The common 
means of propagating potatoes is by section¬ 
ing the tuber and placing a segment, con¬ 
taining an eye, in each spot where a potato 
plant is to grow. Most varieties, certainly 
the wild potatoes of the Andes, reproduce 
by fruit and seed as well. But in modern 
practice true seed production is costly and 
inefficient, and is indulged in almost solely 
by the plant breeder. 

The potato tuber consists of an outer 
suberized skin (periderm) varying from red 
to light brown, a narrow cortex of small 
starch-rich cells, an adjacent narrow zone 
of conducting cells (phloem-xylem-inter- 
nal phloem), and an abundant pith con¬ 
taining most of the starch-bearing cells. 
Each cell contains greater or lesser quanti¬ 
ties of starch grains, which may swell upon 
cooking and, according to some authorities, 
burst the thin cell wall; the baking of a 
potato is thus an irreversible process. Either 
this or separation of the cells is the cause 
of the “mealiness" of a cooked potato. From 
the nutritional standpoint, the potato is 
far from being a complete food, being about 
19 per cent carbohydrate (mostly starch, 
but a little sugar), 2 per cent protein, and 
only a fraction of a per cent fat. Nonethe¬ 
less it remains in high favor, in competition 


with better-balanced foods, in the diet of 
temperate Caucasian peoples. 

In the United States potatoes are gener¬ 
ally planted about 10 cm. deep in hills 
spaced about 2 ft. apart. Drills may be used 
to drop hand-cut seed pieces (eyes) at about 
20 cm. intervals. Early cultivation keeps 
weeds down between the rows, and applica¬ 
tion of fungicides and insecticides is usually 
necessary to assure a good crop (the potato 
has many enemies: to mention only a few, 
mosaic, blackleg, wilt, potato beetle, and 
blister beetle). Harvesting may be by plow¬ 
ing and hand-gathering the tubers, or with 
special tractor-drawn or self-propelled 
apron-diggers that dig the tubers and strain 
them free of soil and debris. Dry weather 
toward the close of the growing season both 
facilitates harvest and helps control late 
blight. Harvested potatoes are usually 
stored for several days in a warm shady spot 
to develop die corky outer layer (periderm) 
that protects them from rot. Wounds or 
cut surfaces similarly develop a peridermal 
protective layer. Thereafter potatoes are 
best kept cool, and may be stored so for 
several months. 

World production of potatoes, totaling 
about 8 billion bushels (more than 200 
million tons) is greater than the production 
of any one cereal; of it, 91 per cent comes 
from Europe, 5 per cent from North Amer¬ 
ica, and 4 per cent from the rest of the 
world. (Potatoes are not, however, directly 
comparable to cereals, inasmuch as they 
contain a great deal more water—they are 
78 per cent water; on a dry weight basis 
wheat, maize, and rice lead potatoes in 
world production.) The Irish potato is 
typically a cool, moist-climate plant. In the 
United States it is most extensively grown 
in Maine and Idaho (late potatoes; early 
potatoes, comprising only 20 per cent of the 
crop, are grown in die soudiern states, 
where the hot climate makes it difficult to 
carry over “seed”). I n Europe, Russia, Ger- 
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Making farina in a manioc mill. Brazil. (Courtesy Chicago Natural 

Histoi\ Museum.) 


many, and Poland ate the greatest potato- 
producing countries. The potato vine is one 
of the most efficient of starch-producing 
plants, the high yields per unit area, even on 
poor soils, giving it the label "poor man's 
bread.” There is no doubt that the introduc- 
1,0,1 of the potato into Europe largely per¬ 
muted the development of the heavy popu¬ 
lations found there today. Less than 30 per 
cent of the crop in Europe goes directly 
for human food, however, about -10 per 
cent being ted to stock, 12 per cent kept 
for seed, and the remainder used indus¬ 
trially or discarded as waste. The potato has 
never become popular in the East, although 

doubtless it could be adapted to conditions 
there. 

2. Manioc. The lowland American trop- 
1CS have g iven to the world a counterpart 


to the Andean highland gift of the potato- 
manioc (mandioca. cassava, ynca, tapioca, 
sagu. etc.), Man Hint esailenta (A/, ulilis- 
s,ma )' Euphorhiaceae, probably indigenous 
to eastern Brazil. Of this plant the root is 
the part consumed. Manioc is the stair of 
life ol millions ol tropical peoples, in 
Latin America. Africa, and the Far East. So 
little known is it to most temperate peoples 
that few agricultural texts even mention it; 
vet it is so important to many isolated popu¬ 
lations in tropical hinterlands that it not 
infrequently forms the sole food lot entire 
villages lor protracted periods and is a 
mainstay in the diet the year round. It may 
be consumed boiled whole, or pulverized 

and d,,ed imo meal resembling corn 
meal, termed jam,ha in Brazil. Manioc is 
not a balanced food, consisting as it does 
••ngely ol starcii-about 30 per cent by 
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weight in freshly dug roots—with practically 
no protein or fat content. Nonetheless it is 
the most remunerative ol crop plants in 
the hot climates where it is grown, yielding 
perhaps more starch per acre (10 tons or 
better of fresh roots) than any other culti¬ 
vated crop—and this with a minimum of 
labor, a factor of no mean importance 
among typically indolent tropical popula¬ 
tions. 

When boiled, manioc has a "heavy" con- 
sistency, somewhat like that of incompletely 
cooked macaroni, and is equally tasteless. 
It is consumed in this form in Paraguay, 
outlying parts of Brazil, the Andean coun¬ 
tries, and parts of Africa and the Far East. 
In eastern South America cleaned or peeled 
roots are usually shredded (on hand rasps 
or in primitive mills), the juices expressed, 
and the pulpy mass dried over open fires 
to yield the ubiquitous farinha, available 
everywhere at a few cents per pound in an 
area where the daily wage may not permit 
purchase of any more expensive foodstuff. 
Farinha may be eaten dry, or, where the in¬ 
come permits, with gravies, sauces, beans, or 
fats. In the West Indies flat-tasting pan¬ 
cakes, "casabe," are made of manioc meal. 
Among upper Amazon Indians pulverized 
manioc may be expressed in locally woven 
“Chinese finger locks." These gigantic tubes, 
hung from a tree limb and filled with the 
manioc pulp, are extended with leverage 
from a pole; the manioc is thus constricted 
and the juices expressed. These juices are 
saved for fermentation to alcoholic bever¬ 
ages, often as important as is the starchy 
manioc food. The juices also find use in 
various meat sauces and "West Indian 
pepper pot." 

Manioc is also the source of tapioca starch 
and tapioca. The former has considerable 
importance as a size and a raw material for 
making mucilage (see Chapter 14). The 
familiar tapioca “pearls" are manioc starch 
that has been heated at controlled tempera¬ 


tures while being shaken or stirred on a 
plate, a process that causes swelling, gelatin- 
ization, massing into pellet form, and par¬ 
tial hydrolysis to sugar. Tapioca is mostly 
prepared (from imported manioc flour) 
and consumed in North America and 
Europe. Manioc starch may also be hy¬ 
drolyzed to simple sugars, syrups, alcohol, 
acetone, and like products, the residues be¬ 
ing used for animal fodder. 

I he genus Munihot embraces multitudes 
ol uncertain species, many of which ap¬ 
parently hybridi/e with each other (see 
Rubber: manifoba, p. 1%). M. esculenla is 
evidently the only species domesticated as 
a food plant. Domestication must have been 
effected in the remote past, by the South 
American Indians, for the species is not 
known in the wild today (although numer¬ 
ous escapes are frequent in tropical Amer¬ 
ica). Literally hundreds of horticultural 
varieties are to be had, developed un¬ 
doubtedly since the species was first domesti¬ 
cated. Differences between the varieties are 
often obscure, but the species is popularly 
subdivided into sweet and bitter maniocs. 
The former are edible without preliminary 
treatment, but the latter contain poisonous 
hydrocyanic principles that must be de¬ 
stroyed (by boiling, expression, or fermen¬ 
tation) prior to consumption of the root. 
No hard and fast distinction exists between 
bitter and sweet manioc varieties, and the 
intermediate condition often occurs. By 
and large, sweet types are grown in eastern 
South America and bitter types in the 
Amazon Valley. Both types are grown in 
Africa and the Far East. 

The shrubby manioc plant possesses a 
ramifying root system, the chief roots of 
which develop swellings similar to sweet 
potatoes a short distance from the erect 
stem. These swellings have a shallow peri¬ 
derm and cortex (in bitter maniocs, most 
of the poisonous substance occurs here), a 
modest vascular cylinder, and abundant 



VEGETABLES: ROOT, STEM AND LEAF CROPS 


429 


starch-bearing pith. As in the Irish potato, 
the cells must be ruptured to free the starch 
grains for extraction. Leaves are alternate, 
digitately compound, and the flowers are 
monoecious and inconspicuous. 

Manioc is usually simply cultured by 
hand and harvested the same wav in the less 
advanced portions of the globe where it is 
ordinarily grown. Typically forest is burned 
over, and stem cuttings of manioc of a few 
nodes' length are inserted into hand-dug 
holes at intervals of about 1 meter. Some¬ 
times the plots are weeded with ponderous 
hoes; sometimes the manioc is left to lend 
for itself. Harvestable roots develop in as 
little as eight months; maximum yield of 
quality roots, however, usually takes about 
sixteen months. If not all the roots are dug 
up, the plant will continue as a “perennial,” 
new stems arising from the roots left in the 
ground. Roots left in the soil too long be¬ 
come woody and of little value for food. 

Production statistics fpr manioc are all 
but unobtainable, since the crop is mostly 
grown and consumed locally, and this to a 
large extent in isolated tropical regions far 
off the beaten track. Guesses have placed 
tropical American production, chiefly from 
eastern Brazil, at 15 to 20 million tons 
annually; African and East Indian produc¬ 
tion at several million tons more. In any 
event, manioc is without doubt one of the 
great root crops of the world, and is particu¬ 
larly important in hot tropical, often season¬ 
ally arid, climates where cereal and potatoes 
will not grow well. 

3. Sweet potatoes. A second potato gift 
of die New World is the sweet potato, 
Ipomoea batatas, Convolvulaceae, some¬ 
times erroneously termed “yam” in the 
southern United States. Its swollen under¬ 
ground roots provide an equally nutritious 
food as that of the Irish potato, but unlike 
die latter it is adapted to hot moist condi- 



The sweet potato plant. (Courtesy Chicago Natural 

History Museum.) 


tions reflective of tropical lowlands. The 
sweet potato was introduced into Spain 
from Middle America by one of the early 
Spanish exploratory voyages. From Spain 
it spread unobtrusively through lower 
Europe and was carried by global merchants 
and navigators of the sixteenth and seven¬ 
teenth centuries to the Far East. So un¬ 
spectacular was its spread that, when re¬ 
discovered in the East, its American origin 
was long overlooked. Cultivation of the 
sweet potato was tried in northern Europe 
with little success, and even in southern 
Europe its popularity has been modest. In 
the southern United States it is in greater 
favor, both as a stock food and as human 
food, its use there paralleling in a modest 
way that of the white potato in Europe. In 
the Pacific islands, East Indies. China, and 
India the value of the sweet potato was 
quickly recognized, but in Japan especially 
tt was seized upon as the most productive 
crop per unit of upland soil area. It has 
come to rank as the second most important 
crop in that unfortunately overpopulated 
nation (rice being the first). Recent atten¬ 
tion has also been directed to the growing 
of selected strains of sweet potato in Austra- 
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lia and southern Russia, where it is be¬ 
coming increasingly important. 

The sweet potato plant is a trailing vine 
similar to its near relatives, the morning- 
glories. It has heart-shaped, frequently 
lobed, alternate leaves and attractive fun- 
nelform Howers that bloom frequently in 
the tropics but seldom in temperate climates 
where the plant is cultivated as an annual. 
Breeding experiments have thus lor the 
most part had to be carried on in warmer 
climates. The tops may be used in silage or 
for animal browse, but t he important part 
comm ercially is the swollen tuberous roo t. 
In most varieties this has white or pale 
yellow flesh, although in the United States 
dark yellow to reddish-orange types rich 
in carotene (pro vitamin A) have become 
popular. “Dry" types, those with a mealy, 
starchy flesh are favored in the North; soft, 
more gelatinous and sugary “yam” types 
are favored in the South. 

In the outer part of the potato, sloughing 
of epidermis gives rise to a periderm. With¬ 
in this there occurs a starch-rich but narrow 
cortex; endodermis; and xylem and phloem 
radially distorted by secondary growth, the 
parenchyma of which forms most of the 
flesh in a mature'root. A sweet potato con¬ 
sists of about 70 per cent water, 18 per 
cent starch, 8 per cent other carbohydrates, 
2 per cent protein, 1 per cent mineral, and 
practically no fat. Ij is u nusually rich in 
vitamins, iron, and calcium, being about 
t he equal of mai/e in energy value. It is 
highly esteemed lor stock leecirfor which 
it is in some respects superior to maize. 

Sweet potatoes are planted by hand, 
usually from shoots off "seed" roots kept 
over from the previous growing season. A 
potato is planted in a propagation bed 
when temperatures become sufficiently 
warm (70 to 75° F.), or, in colder climates 
with a short growing season, in heated cold 
frames. The sprouts are cut from the end 
of the potato as they reach several inches 


in length, and are planted individually in 
permanent locations 1 to 2 ft. apart. Three 
or even four sets of slips are obtainable from 
one potato. Planting is in hills; where neces¬ 
sity forces intensive use of the land, as in 
Japan, between maturing rows of cereal 
(barley). The crop is ready for harvest in 
a few months’ time, the best-keeping pota¬ 
toes being dug shortly before the first killing 
frost. Yields are abundant-as much as 300 
bu. per acre under excellent conditions- 
but most of the cultivation and handling 
is done by hand. It is no wonder, then, that 
sweet potato growing coincides to a great 
extent with cheap labor areas. Recently in 
the United States mechanized operations 
have been initiated in the South that give 
promise of greater utility for this valuable 
crop in industrialized countries. 

Harvested sweet potatoes should be kept 
warm (usually by placing them in the sun) 
for several days after harvest to encourage 
development of a protective periderm. They 
are then best stored in cool places, often 
after fungicidal treatment. Even so, storage 
for protracted periods is difficult, signifi¬ 
cantly more so than with white potatoes, 
and losses in excess of 30 per cent are not 
uncommon during the winter. In Japan, 
where poor local farmers keep and grow 
sweet potatoes on an individual basis, there 
is frequently danger of there being insuffi¬ 
cient “seed” stock for the next planting, be¬ 
cause of storage loss and the extreme pres¬ 
sure to use planting stock for food. There 
potatoes to be used industrially or for 
food are usually cut into slices and dried 
in the sun until brittle, to improve their 
keeping quality. 

In most countries sweet potatoes are used 
chiefly as a food and a stock food. In the 
United States they are usually marketed as 
dug, and baked or boiled before eating. In 
Japan they are dried and frequently pul¬ 
verized into a cornmeal-like form. Principal 
use in Japan is for production of alcohol by 
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fermentation, then as a starch source, cattle 
feed, and finally human food. Similar 
industrial use of the sweet potato in the 
United States on a large scale awaits wide¬ 
spread mechanization of glowing, with 
consequent lower costs not now possible. 
Production amounts to about 1.3 million 
tons annually in the United States (moisture 
content as dug: 70 per cent). World pro¬ 
duction, chiefly from Japan (some 4.5 mil¬ 
lion tons), is almost ten times this amount. 

4. Other root crops ( including under- 
ground stems or leaves: rhizomes, corms, 
bulbs). 

Anu, Tropaeolum tuberosum, Tropaeo- 
laceae. This relative of the garden nastur¬ 
tium is a companion root crop in the 
original home of the now widespread white 
potato. As modern civilization invades the 
Andes, the culture and use of the anu are 
diminishing, although it can still be found 
in most Andean vegetable markets from 
Colombia to Bolivia. The raw tubers have 
a disagreeable odor. They are boiled for 
consumption. In the Incan Empire they 
constituted a fairly important food source. 

Arracacha, Arracacia xanlhonhiza (= 
esculenla), Utnbelliferae. The tubers serve 
as an edible carrot-like vegetable in Peru. 

Beets, Bela vulgaris, Chenopodiaceae. 
Mention has already been made of this 
species in the chapter on sugar. The species 
also includes swiss chard and mangel-wur- 
zels, all of which readily interbreed. The 
common garden beet is a biennial, storing 
up food in the fleshy taproot one season to 
provide for flowering and fruiting the next. 
As a garden vegetable it is grown from seed 
as an annual, the fleshy root being harvested 
several weeks after seeding. The modern 
beet is descended from the wild beet of 
southern Europe, in which the leaves alone 
were consumed as a potherb in pre-Chris¬ 
tian times. Red beets with turnip-like roots 
seen} to have become conspicuous only after 


the sixteenth century. In these the fleshy 
taproot consists of outer thin layers of 
periderm and cortex, most of the flesh being 
formed of phloem and xylem parenchyma. 
The large, petiolate leaves arise directly 
from the top of the crown. 

Beets are easily grown on almost any soil 
and are a favorite in the home garden, being 
eaten fresh, canned, or pickled. Commer¬ 
cially they are drill-planted in early spring 
and are tended like sugar beets. Mangels 
or mangel-wurzels, in which the flesh is 
whitish, were developed from chard-like 
forms. Today they are most grown in 
Europe for stock feed. Stock beet strains are 
also cultivated in the United States as 
winter feed. About 200 thousand tons of 
beets are grown annually in the United 
States about two-thirds of which are proc¬ 
essed. During World War II it was found 
that of all vegetables beets lend themselves 
best to dehydration. 

Carrots, Daucus carota var. saliva, Um- 
belliferae. Carrots are believed to have 
originated in the Afghanistan area, and 
since ancient times have been known as food 
plants. A diversity of forms occur wild, 
naturalized, or cultivated from the Mediter¬ 
ranean area to the Far East, one of them 
with a taproot 3 ft. long and another pur¬ 
plish-red in color. Carrots were consumed 
by the Greeks as medicinals; only in recent 
centuries have they become a widespread 
and important human food, recommended 
especially for their abundant carotene. The 
custom of eating carrots raw has been ac¬ 
cepted only within the present century. 
Throughout the ages carrots have been 
esteemed as a stock food. 

The carrot, like the beet, is a biennial, 
but is planted from seed and harvested 
before killing frost as an annual. The fleshy 
taproot possesses wide cortex and phloem 
layers, where the greater part of the food 
reserves occur. The compound leaves are 
orne directly from the crown, with an erect 
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A Papuan native planting taro with a planting stick. (Courtesy Chicago Natural 

History Museum.) 


umbel-bearing stem arising the second year 
to produce flower and seed. Carrots are 
planted in rows, thinned, pulled by hand, 
and stored like other root crops. In com¬ 
mercial production yields of 400 bushels 
per acre are average. Production in the 
United States amounts to better than a half 
million tons annually, chiefly from Cali¬ 
fornia and Texas. 

Celeriac, A pi urn graveolens var. rapa- 
ceum, Umbelliferae. The large, turnip-like 
roots of this variety of celery are consumed 
as human food, especially in soups and 
stews. Planting and care resemble those for 
celery, rich, moist soils being necessary for 
its culture. 

Turnip-rooted Chervil, Chaerophyllum 
bulbosum, Vmbelliferac. The grayish, car¬ 


rot-like root of this biennial European and 
Asiatic species is eaten boiled in Europe, 
where the plant is cultivated to some ex¬ 
tent. 

Chicory, French Endive, or Witloof, 
Cichorium intybus. Compositae. This peren¬ 
nial European species, now cultivated and 
naturalized in North America, has a fleshy 
root. Young roots may be boiled and eaten 
like carrots. The roots are also roasted and 
pulverized as a coffee adulterant or sub¬ 
stitute, especially in the southern United 
States. The foliage is often eaten as a green. 

Dasheen, Taro, or Old Coco-yam 
(Africa), Colocasia esculenta, Araceae. 
About one thousand horticultural varieties 
of dasheen and taro occur in the Pacific 
islands and southeastern Asia, where this 
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Corms of Japanese taro, or dasheens. The abundant dormant conns can he stored 
for three or four months after harvesting. (Courtesy Economic tlolany.) 


rank, “stemless" aroitl, native to the region, 
is a staple in the diet. Classification is 
extremely uncertain: in some cases the term 
taro refers to the types that spread west¬ 
ward in ancient times and dasheen to more 
recently introduced and less coarse types, 
and in other cases taro refers to the var. 
antiquorum. The fleshy corm, surmounted 
in growth by cordate leaves with long peti¬ 
oles, is eaten boiled, baked, mashed (in 
soups), or dried and pulverized, such treat¬ 
ment destroying the biting calcium oxalate 
crystals characteristic of most aroids. Taro 
chips (similar to potato chips), canned poi, 
taro flours, infant foods, and even breakfast 
foods have been made from the species. The 
famous native poi of the Hawaiians is made 
from steamed taro that has been subse¬ 
quently crushed and fermented. Many 
varieties have been in cultivation so long 
t at they no longer flower, being propagated 


bv hand from corm tops and supernumerary 
tubers. 

I he taro spread early to Japan, the Near 
East, and northern Africa (where it was one 
of die chief foods in slave-trading times): 
it was apparently brought to the New 
World along with African slaves. In the 
twentieth century introduction of more 
desirable types from China has established 
die present small dasheen industry in the 
southern United States. 

laros and dasheens are plants of very 
moist tropical localities, where they form 
an adequate substitute for potatoes in areas 
where the latter cannot grow. The conns, 
however, do not keep as well as potatoes do. 
When fresh, dasheens are about 68 per 
cent moisture, 25 per cent starch, 3 per cent 
sugar, 2 per cent protein, with a trace of 
fat and crude fiber. Taros and dasheens are 
planted bv hand, usually in irrigated soils, 
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A nearly mature field of wetland taro. When about seven months old, just 
before the conns begin to mature, the water is drained olf and the field fertilized. 
After a week or two the water is readmitted and remains until the crop has 
matured. (Courtesy Economic Botany.) 


and pulled by hand when mature. They are 
today eaten mostly by the peoples who grow 
‘ them, and no accurate production statistics 
for the world are available. Certainly, 
though, Colorasia esculenta forms an im¬ 
portant food for millions of tropical peo¬ 
ples, just as it did in times past, and world 
production must be reckoned in several 
hundreds of thousands of tons annually. 
Imports into the United States amount to 
a few hundred tons annually, mostly from 
the West Indies. 

Fra-j ra Potatoes, Coleus rotundifolius, 
Labiatae. This African species, also known 
as fura-fura potatoes, fabirama, and daso, is 
extensively cultivated in West Africa for the 
edible tubers. 

Ground Nut, Apios amerienna (= tube- 
rosa), Leguminosae. This twining, pinnately 
leaved herb of northeastern North America 
bears pear-shaped root tubers, for which it 
is sometimes cultivated. An important 
Indian food, this is probably the plant that 
Raleigh reportedly brought to England as 
the "potato.” 


Horseradish, Rorippn armoracia, Cruci- 
ferne. This species is native to Europe, 
where it is commonly cultivated, but has 
been introduced into North America, where 
it is occasionally found as an escape as well 
as cultivated. The fleshy white root is too 
“strong” for direct consumption, owing to 
a pungent glucoside contained, but it finds 
favor as a condiment and flavor. The plant 
is usually propagated by setting small roots 
trimmed from large ones after harvest. 

Jerusalem Artichoke, Helianthus tube- 
rosus, Compositae. The Jerusalem arti¬ 
choke, a species of sunflower, has been men¬ 
tioned previously as a source of inulin 
starch. The potato-like rhizome is also con¬ 
sumed directly—boiled, pickled, or raw. This 
perennial species is native to North Amer¬ 
ica, but today finds more favor as a food 
plant in Europe, where it was introduced in 
1616, and in China. In the United States the 
tubers serve chiefly as hog feed, being dug 
by the hogs themselves. In food value they 
are about the equivalent of potatoes. They 
may be propagated by seed or by rhizome, 
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Rhizomes of the Jerusalem artichoke. (Courtesy Chi¬ 
cago Natural History Museum.) 


and once established generally perpetuate 
themselves from tubers left in the soil. It is 
harvested like the potato. 

Mklloco, VHunts tuberosus, Basellaceae. 
This species is another north and middle 
Andean tuber crop, in some districts rank¬ 
ing second in importance only to potatoes 
but elsewhere unknown. It is used like the 
potato. The plant is an upright, succulent 
herb, with broad, simple cordate leaves and 
inconspicuous axillary racemes. 

Oca, Oxnlis tuberosa, Oxnlidaceae. The 
third minor tuber crop of the high Andes 
is the oca. In parts of Colombia and Peru 
diis relative of the wood sorrel is as im¬ 
portant as the potato. The herb has the 
typical shamrock-like trifoliolate leaves of 
the wood sorrels, but does not seem to bear 
seeds, being propagated by the tubers. These 
are cut into sections and cultivated exactly 
as are potatoes. After harvest the tubers are 
mellowed (rid of calcium oxalate) by plac¬ 
ing them in the sun for several days. They 
are then consumed raw, boiled, candied, 
dried (chuno: see White potato), or pow¬ 
dered in soups. 

Onions (Including Garlic, Leeks, Welsh 
Onions, Shallots, and Chives), Allium, 


•13') 



The common onion, Allium eepa. (Courtesy Bailey 

Honorium.) 


Liliaceae. In the genus Allium the under¬ 
ground part consumed is the bulb, which 
consists of a stem core surrounded by spe¬ 
cially modified food storage leaves mod- ' 
, in sugar and pungent allyl 
sulfide. The linear, cylindrical, or flattened 
photosynthetic leaves arise from the top of 
the bulb, in the center of which forms an 
atti active umbellate inflorescence that 
makes Allium often sought as a garden 
flower. The familiar onion, A. cepa , origi¬ 
nating in middle Asia and known in many 
botanical and horticultural varieties but 
not in the wild, is cultivated throughout 
the world. It is known to have be<m ex¬ 
tensively used by the ancient Egyptians. 

It was later spread by the Spanish colo¬ 
nizers. In the United States most commer¬ 
cial onion growing is done on the muck 
soils of the Great Lakes area. There seed 
is drill-sown directly where the onions are 
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to develop. In the growing ol -Bermuda 
onions in Texas seeds are planted in'special 
beds in October and transplanted to the 
fields weeks later. Home gardeners olten 
preler to plant onion sets—small, partly 
grown onions prepared especially for this 
purpose. Harvesting in all cases involves 
pulling, oi plowing and picking up. then 
drying in the shade. United States produc¬ 
tion amounts to nearly a million tons 
annually. 

A. sativum, garlic, also native to southern 
Asia, was led by the Romans to laborers 

i 

and soldiers "to make them strong.” It is 
a perennial with narrow, flat leaves and 
small bulbs. Much more pungent than the 
onion, it is used mostly for flavoring, being 
a favorite ol Mediterranean and Far Eastern 
peoples. Production in the United States 
amounts to about ten thousand tons an¬ 
nually. mostly from California. The bien¬ 
nial. A. f)orrum, the leek, has the appear¬ 
ance of a large garlic plant, having flat. 

solid leaves and slender, cylindrical bulb. 

# 

Native to southern Asia, it has been used 
as food since ancient times, and is repotted 
to have been a favorite food of Nero's. It 
is served like asparagus or used as a flavor¬ 
ing. In growing, plantlets started from seed 
in special beds are transplanted to per¬ 
manent field locations. 

A. fistulasiim, welsh onion, is believed to 
be of Chinese origin, "welsch" being a cor¬ 
ruption of the German “walsch,” meaning 
foreign. This slender but sturdy, tillering, 
leek-like type is a favorite in the Orient. 
The perennial A. ascalonicum, the shallot, 
produces clusters of bulbs, and much re¬ 
sembles the common onion. It is especially 
used for pickling. A. schoetioprasum, chives, 
is an Old World plant, today found wild 
or escaped in Italy and Greece. It is a hardy 
perennial, growing in dense clumps and pro¬ 


ducing very small, clustered bulbs used 
especially lor seasoning. The attractive blue 
flowers often produce no seed, multiplica¬ 
tion then depending upon proliferation of 
bulblets. 

Parsnips, Pastinaca sntiva, Umbelliferae. 

This relative ol the carrot is believed to 
be native to the Mediterranean region, but 
it persists as an escape in many parts of 
the world. Wild plants were consumed in 
Cheek and Roman times. By the sixteenth 
century the parsnip was widely cultivated 
in northern Europe. In 1609 it was intro¬ 
duced by the colonists into North America, 
where even the Indians took to cultivating 
it. I he plant is a hardy biennial cultivated 
as an annual, with a whitish, carrot-shaped 
taproot, pinnate basal leaves, and an erect 
branching stem when in flower. The root 
consists mostly of phloem cells filled with 
minute starch grains. The sweet flavor of 
the roots develops only after exposure to 
cold. Parsnips are used both for human and 
for stock food, largely in Europe. They 
are grown like carrots, and yields are about 
200 bushels per acre. 

Rai)Imi, Raphanus salivas, Cruciferae. 
Perhaps the most quickly and easily grown 
vegetable ol the home garden is the radish, 
known in red, black, or white; round or 
elongate; large or small* horticultural va¬ 
rieties. The species is presumably native to 
China, where it has had a long history of 
cultivation, and had spread to the Mediter¬ 
ranean area before Greek times and to the 
New World in the early 1500’s. Radishes are 
most grown today in Japan and China, 
where the crop is generally pickled in brine 
to become a staple of the diet. In Japan, 
it is reported, nearly one-third of the veg¬ 
etable tonnage is radish. The species is an 
annual or biennial herb with a basal rosette 
ol rough, pinnate or deeply lobed leaves. 


• Referring to the taproot. Radishes with taproots weighing 100 lbs. were reported in the sixteenth 
century. 
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Radishes are grown throughout the world, 
being esteemed for their pungent, crisp 
flesh. 

Rutabaga, Swede, or Swede Turnip, 
Brassica napobrassica, Cruciferae. This 
glabrous-leaved, usually yellow-fleshed, 
turnip-like plant with 38 chromosomes is 
believed to have originated as a cross be¬ 
tween turnip (20 chromosomes) and (cab¬ 
bage (18 chromosomes), in Europe some 
time during the Middle Ages. It was first 
described by Bauhin in 1620. The rutabaga 
is a cool weather plant, and its culture is 
confined largely to northern Eurasia and 
northern North America. It is reported to 
be more nutritious than the turnip, but is 
extensively grown only in Europe. It is 
used for human food and as a livestock 
food. 

Salsify or Oyster Plant, Tragopogon 
porrifolius, Compositae. The long, fleshy, 
parsnip-like root of this species has much 
the flavor of oysters when it is boiled. In 
North America it is of only minor im¬ 
portance, but it is more widely cultivated in 
Europe. The plant bears a tuft of linear 
leaves from the crown and purplish flowers 
maturing seeds similar to those of a dan¬ 
delion. It is native to the Mediterranean 
countries, where it can still be found wild. 

Scorzonera or Black Salsify, Scorzo- 
nera hispanica, Compositae. This yellow- 
flowered Mediterranean plant is similar to 
other salsifies, but die long taproot is black. 

The species is little cultivated outside of 
southern Europe. 

Spanish Salsify or Golden Thistle, 
Scolymus hispanicus , Compositae. This 
salsify-like plant of the Mediterranean area 
has pinnatifid leaves and yellow flowers. It 
was known to the Greeks, but today it is 
little cultivated, and it is practically un¬ 
known in the United States. 

Skirret, Sium sisarum, Utnbelliferae. 
his is another perennial species grown as 
a n annual, producing bunched, tuberous 



The common radish, Raphanus sativus. (Courtesy 
Bailey Hortorium.) 


roots with a grayish flesh. It is eaten like 
salsify. 

Tigernut or Earth Almond, Cyperus es- 
culentus, Cyperaceae. The small corms of 
Uiis species are gadiered from the wild in 
West Africa and eaten raw or roasted. Yields 
of three tons per acre are recorded in north- 
eastern Nigeria. 

Turnip, Brassica rapa, Cruciferae. The 
turnip is a rough, hairy-leaved biennial, 
with a large, usually purplish-white and 
white-fleshed taproot. The root has narrow 
periderm, cortex, and phloem layers and 
abundant (parenchymatous) xylem and pith. 
Many types have been in cultivation since 
before the Christian era. Probably native 
to Europe (one kind) and central Asia (an¬ 
other kind), it was spread in ancient times 
all across Asia to the Pacific. The European 
turnip was early used for human and stock 
food, being boiled, baked, or made into 
kraut for human consumption. The leaves 
have long served as “greens'’ as well. The 
turnip was introduced into North America 
in 1609, and was spread by colonists and 
Indians alike. It has since been a fairly 
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Above-ground parts of the true yarn. Dioscorea 
oj)j)osila. (Courtesy Chicago Natural History Mu¬ 
seum.) 


common garden vegetable in cooler areas, 
and is notable for its hardiness and ease 
of cultivation. It is usually sown in drills 
or broadcast in early spring and the plant- 
lets thinned to 6 in. apart. Turnips are of 
comparatively minor importance in the 
United States, but are widely grown in 
Europe. 

Yams, Dioscorea, Dioscoreaceae. Although 
moist varieties of sweet potato are some¬ 
times spoken of as “yams in the southern 
United States, the true yams belong to 
several species of the genus Dioscorea; of 
these the cultivated species are indigenous 
to the tropics. Except for sweet potatoes and 
manioc they are probably the most used of 
tropical lowland root crops in tropical 
America, Africa, the Pacific islands, and 
southeastern Asia. Yams are to be had in 
a number of species and selected varieties, 
ranging from types producing roots no 
larger than a small potato to those with 
roots weighing as much as 100 lbs. Coarse, 
dry, mealy, tender, crisp, mushy, and sweet 
types are available. Some resemble potatoes, 
and like the latter are consumed baked, 


boiled, or fried. Certain kinds are cus¬ 
tomarily used for soup; others are boiled 
and mashed, with perhaps subsequent bak¬ 
ing or frying. The yam consists of about 21 
per cent starch, wet weight (77 per cent 
carbohydrate, 10 per cent albuminoids, 1 
per cent fat, dry weight), and as a food is 
nearly the equivalent of the potato. Yams 
also contain tannins, saponins, alkaloids, 
and other substances; in some cases these 
may be useful, in others they are irritants. 

The yam plant is a deeply rooted, climb¬ 
ing, dioecious perennial vine with distinc¬ 
tively veined, cordate leaves and incon¬ 
spicuous, monocotyledonous flowers. The 
species most commonly cultivated is D. 
alata, probably native to China. It is said 
that Portuguese slavers provisioned their 
ships freely with this species for their 
sixteenth century world voyaging. The spe¬ 
cies seldom fruits, and so is propagated 
chiefly by replanting the tops from dug 
roots. In addition to D. alata (called water 
yam), there are cultivated in Africa D. bulb- 
ifera (air potato), D. csculenta (Chinese 
yam), D. dumetorum (three-leaved yam), 
D. rot undata (white yam), and D. cayen- 
tiensis (yellow yam); in the Orient D. acu- 
leata, D. divaricala, D. pentaphylla, D. 
opposita (= batatas), and several other spe¬ 
cies under a score of common names; in 
tropical America D. trifida and D. cayenen- 
sis. An eight to ten month growing season 
is required for a crop to mature, so that 
little opportunity for cultivation of yams 
exists outside the tropics. Yields run as 
high as 6 tons per acre. No production 
statistics on this locally consumed crop are 
available, but world production must aver¬ 
age several million tons annually. 

Yam Bean or Manioc Bf.an, Pacliyrliizus 
tuberosus, Lcguminosae. This perennial- 
rooted, twining, trifoliolate species is prob¬ 
ably South American in origin, but is now 
widely cultivated and naturalized through¬ 
out the world tropics. P. erosus, sincama, 
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native to Central America, has been sim¬ 
ilarly spread and utilized for its turnip-like 
root. The root contains about 10 per cent 
starch, and is consumed raw, boiled, fried, 
or pulverized. 

Yautias or New Coco-Yam (Africa), 
Xanlhosoma sagiltifolium, Araceae. The 
corms and tubers of this taro-like species 
native to the New World tropics are of local 
importance for food in both America and 
Africa. Plants are herbaceous perennials 
cultivated as annuals. The starch content 
of the tuber is said to average 20 per cent. 

Miscellaneous Root Crops of Re¬ 
stricted Importance. Achira, Canna edulis, 
Cannaceae, American tropics; Arikuma or 
llacou, Polymnia sonchifolia, Compositae, 
Peru; arrowhead, Sagittaria sinensis, Alis- 
maceae, China; arrowleaf or arum, Pel- 
tandra virginica, Araceae, northeastern 
North America; cattail, Typha, Typhaceae, 
eastern North America; gamote or wild 
parsnip, Phellopterus montanus, Umbelli- 
ferae, northern Mexico; groundnut, Panax 
triflorus, Araliaceae, northeastern North 
America; jack-in-the-pulpit, Arisaema tri- 
phyllum, Araceae, eastern North America; 
leren, Calathea allouia, Maranlaceae, trop¬ 
ical America; yellow pond lily, Nuphar 
advena, Nymphaeaceae, eastern North 
America; prairie turnip, Psoralea esculenta, 
Leguminosae, western North America; sand 
root, Ammobroma sonorae, Lennoaceae, 
northern Mexico and western United States; 
Spanish bayonet. Yucca sp., Liliaceae, west¬ 
ern North America; wild plantain, Heli- 
conia bihai, Musaceae, tropical America. 

Vegetables 

Artichoke, Cynara scolymus, Composi¬ 
tae. The green, French, or globe artichoke 
« a tall, coarse “thistle,” presumably na¬ 
tive to the Mediterranean region but do¬ 
mesticated in pre-Christian times and spread 
through most of the Old World. Originally 



Asparagus officinale. (Courtesy Bailey Hortorimn.) 


the leaves, grown in darkness to be tender 
and white, were consumed, but since the 
1400's the young flower head (base of 
phyllaries and receptacle) has become the 
popular part. The plant is a perennial, and 
is usually propagated by sprouts that arise 
from the root crowns, since the species 
seldom comes true from seed. No flower 
heads are obtained the first year. The arti¬ 
choke is popular chiefly where French and 
Spanish influence dominates-in the United 
States in Louisiana and California. The 
food value of the artichoke is small, and 
in the United States it is considered a mere 
luxury. Production amounts to only 20 
thousand tons annually, almost entirely 
from California. Artichokes are harvested 
by hand and eaten raw or cooked. 

Asparagus, Asparagus officinalis, Lilia¬ 
ceae. This species, the most important of 
several comestible species in the genus, is be¬ 
lieved native to the eastern Mediterranean 
area It is today escaped and naturalized over 
much of the world. Originally it was re¬ 
garded as a cure-all medicinal, but today 
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it is one ol the most universalis esteemed 
and expensive of all vegetables. The plant 
is a dioecious perennial, developing leal- 
less green stems in spring. 1 liese are cut 
by hand when they aic only a lew cen¬ 
timeters tall, to become the market aspara¬ 
gus. Several cuttings are possible before the 
spears are allowed to grow to carry on vital 
activities of the plant. Small flowers and 
berries are matured in late summer on the 
female plant (which is said to produce 
larger but fewer shoots than the male), 
after which the stems die to the ground. 
Asparagus plants prefer fertile, nitrogenous 
soils and sunny locations. Thev may be 
propagated from young rhi/omes or from 
seed (taking three years to bear). The cut 
shoots, asparagus, are largely water (91 per 
cent), but do contain considerably more 
protein than most vegetables. Asparagus is 
widely grown, for use fresh or canned. For¬ 
merly most asparagus was blanched by hill¬ 
ing up soil about the developing shoot, but 
popular taste has today accepted the na¬ 
tural green asparagus. Production in the 
United States amounts to nearly 200 thou¬ 
sand tons annually; more than half of this 
is processed. 

Atriplkx, A triplex sp. Clienopodiaceae. 
The Asiatic orach or mountain spinach, A. 
hortensis, has been long used as a garden 
green in Europe. Culture and utilization 
are the same as for spinach. A few Aus¬ 
tralian species have been very successfully 
utilized, although more as fodder plants 
than for human consumption. 

Broccoli, Brassica oleracea var. botrytis, 
Cruciferae. Broccoli is one of the cabbages 
grown for the thick, undeveloped inflores¬ 
cences rather than the leaves. There are 
two forms, “heading broccoli." resembling 
cauliflower, and “sprouting broccoli," with 
branching green terminal and axillary in¬ 
florescences. Broccoli, like cabbage and 
cauliflower, arose through selection from 
the wild cabbage of southern Europe and 


Asia Minor. It was known bv the Romans, 
but strangely has become generally popular 
in the United States only within the last 
quarter century. Like cabbage it is a cool 
weather plant, and may lie seeded directly 
in the early spring or started under glass 
and transplanted. As a seedling the plant 
greatly resembles cabbage, but develops the 
first year an erect stem with narrow, laxly 
spaced leases and the typical thick, modified 
inflorescences. 

Brussels Sprouts, Brassica oleracea var. 
gemmifera, Cruciferae. Like brocolli—and 
cabbage, cauliflower, collards, kale, and 
kohlrabi—Brussels sprouts are another "cab¬ 
bage"—but a new one. having been devel¬ 
oped only a lew centuries ago in northern 
Europe. The plant is a tall-stemmed va¬ 
riety, with many tiny cabbage heads (axil¬ 
lary branches) borne laterally beneath the 
crown of expanded photosynthetic leaves. 
These small heads are the "sprouts" of the 
plant cultivated for centuries, and perhaps 
originating (from a cabbage form), near 
Brussels. Brussels sprouts have become mod¬ 
erately well known as a vegetable only since 
the 1800's, being first cultivated in Belgium 
and France. The plant is a cool climate 
variety, handled like cabbage. 

Cabkage, B rassica oleracea (including var. 
capitata), Cruciferae. The original wild, 
nonheading cabbage was apparently native 
to the eastern Mediterranean area. The 
Celts, in their pre-Christian invasions of the 
Near East, are believed to have spread it 
throughout Europe; and later, in Northern 
Europe, developed the hard-heading types 
(var. capitata) unknown to the Romans. 
Today peoples of northern Europe and 
North America produce tremendous quan¬ 
tities of head cabbage. The leafy, loose¬ 
heading type (Savoy cabbage) is still grown, 
however, in southern Europe. Cabbage is 
of minor importance in the Orient. 

The plant is a biennial, in which the 
large, glabrous leaves on greatly condensed 
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nodes ball together a few’ nodes above the 
base to give the compact, swollen "cab¬ 
bage." The Savoy cabbages, of course, have 
looser, curled leaves. They are reported to 
be more flavorful than the usual head cab¬ 
bages. The latter occur in several horti¬ 
cultural forms, some of them red. In red 
cabbages the red coloring is confined to 
the epidermal layers. Cabbage is largely 
(91 per cent) water, but does contain vita¬ 
mins and minerals essential to health, and 
some protein, starch, and sugar as well. It 
is consumed raw, steamed, boiled, or fer¬ 
mented in brine to make sauerkraut (a 
lactic acid fermentation). Cabbage in all 
these forms is perhaps the most important 
green vegetable of Europe, and is also much 
used in North America. It is grown on all 
types of soils, but demands ample moisture 
and at least fair fertility. Seedlings are 
usually started under glass (coldframe, hot¬ 
bed, or greenhouse) and transplanted by 
hand or planting machine to permanent 
field position in early spring, when they are 
a few weeks old. In the south seed may be 
sown outdoors in prepared seed beds in 
autumn. The plants are given shallow clean 
cultivation until they head, and the heads 
are then cut by hand for market. Cabbages 
are stored through the winter in special 
storage houses or outdoors (in pits). Mod¬ 
erate humidity and constant temperatures 
near the freezing point give best storage 
conditions. Production of cabbage in the 
United States amounts to about 1.5 million 
tons annually, most of it from New York. 

Cabbage Palms, Palmaceae. The central 
leaf bud or “heart” of various species and 
genera of palms is cut out and eaten raw 
(hke celery, or in salads) or cooked (like cab¬ 
bage). Especially used are the royal palms, 
Roystonea. Cutting out the heart kills the 
palm; in the cavity left, larvae of certain 
eetles develop which are considered a 
delicacy by many tropical peoples. Roasted, 
these larvae reportedly pop like chestnuts. 



T lie wild cabbage, Drassica oleracea, the ancestor 
of our cabbage, cauliflower, broccoli, brusscls sprouts. 
(Courtesy Chicago Natural History Museum.) 
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flavor of this nut. 

Cauliflower, Brassica oleracea var. b( 
rytis, Cruciferae. Cauliflower, along wi 
broccoli, represents a variety of cabbage 
which the fleshy, hypertrophied infloif 
cence is the part esteemed. These two-at: 
especially cauliflower-are the aristocrats , 
the cabbage clan. Cauliflower was in ct 
ti vat ion in the Near East before the tin 
of Christ, and selected strains were a 
patently introduced into the cooler cl 

Ttf M-Z thern Eur ° pe loward the « 

of die Middle Ages. Today successful caul 
flower growing requires cool, moist cl 
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Cauliflower. Itrassica olernren bolnlis, ready for 
market. (Courtesy Bailey Hortorimn.) 


mates, although certain heat-tolerant strains 
have been developed in India. Cauliflower 
is cultivated in the same manner as cabbage, 
but is somewhat more temperamental and 
will not head in hot weather. When cauli¬ 
flower is bleached—i.e., the leaves tied up 
about the head to keep it white—labor costs 
rise, and in consequence cauliflower is al¬ 
most invariably more expensive than cab¬ 
bage. It is highly esteemed as a fresh and 
frozen vegetable, with United States pro¬ 
duction amounting to approximately 200 
thousand tons annually, mostly from Cali¬ 
fornia and New York. 

Celery, Apium graveolens, Umbelli- 
frrae. “Wild” celery, believed to have orig¬ 
inated in the Mediterranean area, is found 
today in wet locations throughout Europe 
to the Himalayas. The modern cultivated 
celery was probably domesticated in Europe 
from the wild type, first as a medicinal, then 
(about the dose of the Middle Ages) as a 
flavoring, and finally as a food. Throughout 
the nineteenth century celery grown in 
Europe and North America was blanched, 
usually by banking earth, paper, or planks 
about the edible portion to keep it white. 
But in recent years green celeries such as 
“Pascal” have been widely accepted. Celery 
is an exacting crop, requiring fertile, moist, 
well-prepared soils and cool climates. It 



Celcrv cultivation under field conditions at the 
hillin^-up or banking stage. (Courtesy Bailey Hor- 
toriuin.) 


is ordinarily started in hotbeds and trans- 
planted to field or garden, as a summer crop 
in the North and a winter crop in the 
South. Production in the United States 
amounts to about 700 thousand tons an- 
nuallv, largely from California and Florida 
(autumn, winter, and spring) and from 
Michigan and New York (summer). 

Chard or Swiss Chard, Bela vulgaris var. 
cicla, Clienopodiaceae. This variety is 
merely a beet without the enlarged, fleshy 
root. It is similar to the wild beet of the 
Mediterranean lands, from which it was 
presumably derived in pre-Christian times. 
The rosette of leases with the fleshy petioles 
serve as the comestible part, and are eaten 
as greens, like spinach. The plant is easily 
cultivated on a variety of soils, and will 
yield a continuous supply of herbage from 
spring until late autumn. Planting and cul¬ 
ture are the same as for the garden beet. 
Chard is grown more widely in Europe than 
in the United States. 

Chinese Cabbage, Celery Cabbage, or 
Petsai, Brassica pekinensis, Cruciferae. 
This species is primarily a crop of the Fat 
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East, where it occurs in bewildering variety, 
and has only recently been cultivated in the 
Western world. It is a mild “mustard" with 
a celery-like flavor, used mostly for salad 
greens. The large later leaves form a central 
column or “head" suggestive of cabbage. 
The plant is a mild climate annual, and 
bolts to seed in hot weather. In warm parts 
of the country it is best planted in summer 
for autumn growth and harvest. Culture 
is about the same as for cabbage. The species 
is native to eastern Asia, where it has beer, 
in cultivation since ancient times. 

Coli.ards, Brassica oleracea var. acephala, 
Cruciferae. Collards, along with kale, con¬ 
stitute this variety of the cabbage species, 
and are in effect nothing but primitive, 
leafy, nonheading cabbages little modified 
since ancient times. Collards are of minor 
importance in the United States, although 
commonly grown in the South as a winter 
green. They prefer cool weather, and de¬ 
velop best flavor with autumn frosts and 
mild winters. They are an excellent source 
of vitamins. The plants are coarse, leafy 
biennial herbs, sown in seed beds and trans¬ 
planted, or sown directly outdoors in late 
summer for a winter crop. 

Cress (Garden), Lepidium sativum, Cruci¬ 
ferae. This well-known European salad 
plant is cultivated in cool climates on rich 
soils. 

Cress (Spring), Barbarea verna, Cruci¬ 
ferae. This biennial, grown as an annual, is 
utilized as a salad plant in Europe. 

Cress (Water), Nasturtium officinale ( Ro- 
rippa nasturtium-aquaticum), Cruciferae. 
This is a well-known perennial salad plant 
that grows in clear, cold, shallow water. It 
propagates naturally in spring branches, 

and may also be cultivated by seed or stem 
sections. 

Dandelions, Taraxacum officinalis, Com- 
positae. This common weed of lawn and 
gaiden serves as a potherb in Europe and to 
a lesser extent in the United States. When 


cultivated it is handled much like spinach. 

Endive, Cichorium endivia, Compositae. 
Endive is closely related to chicory. The 
hilled lower leaves are used for salads or 
as cooked greens. The species is indigenous 
to the eastern Mediterranean area, and was 
cultivated by the ancient Egyptians. It is 
hardy and more tolerant of summer heat 
than lettuce is. Most sowing of the plant 
is for late autumn or winter greens. 

Kai.e, Brassica oleracea var. acephala, 
Cruciferae. This biennial, native to the 
eastern Mediterranean area and one of the 
primitive cabbages, is essentially a collard 
with frilled leaves. In fact no distinction 
was made between kale and collards in 
ancient Greece and other early civiliza¬ 
tions, and what has been said previously 
concerning collards applies equally well 
to kale. 

Kohlrabi or Cabbage Turnip, Brassica 
oleracea, var. caulo-rapa, Cruciferae. An¬ 
other member of the cabbage clan, kohlrabi, 
seems to be of comparatively recent origin. 
Selections from a cabbage-like ancestral 
form seem to have been made near the close 
of the Middle Ages, to give the modern 
grotesque plant with a few, erect, petiolate 
leaves and the spherical, thick, fleshy lower 
stem, the comestible portion. The plant is 
a hardy, cool weather biennial, cultivated 
much the same way as cabbage. 

Lettuce, Lactuca saliva, Compositae. 
Lettuce, the world's most popular salad 
plant, probably originated in the Asia 
Minor area from the wild lettuce, L. scariola 
one of about a hundred wild species known 
throughout the world. Lettuce was popular 
with pre-Christian peoples, and was grown 
m several forms by the Romans. It had 
spread to China by the fifth century. Early 
types were looseleaf, the dense, headed va- 
neties being more recent creations, de¬ 
veloped during the Middle Ages. Cos or 
lomame lettuce is an erect-leafed rosette- 
form strain comparatively tolerant of heat 


VEGETABLES: ROOT, STEM. AND LEAF CROPS 


411 



Lettuce, Lactuca saliva. (Courtesy Bailey Hortorium.) 


and probably developed in southern Eu¬ 
rope. Various types ol lettuce are often 
grouped under varietal designations: var. 
an gust ana referring to the narrow-leafed 
asparagus lettuce grown for its edible stem, 
little known in the United States: var. 
crispa, to the broad-leafed, fringed, or 
curled leaf lettuce: var. longifolia, to the 
elect cos types; and var. cafiitata, to the 
rounded cabbage or head lettuces. Looseleaf 
types, because of ease of growing, are com¬ 
mon home garden plants, but commercial 
growing involves chiefly heading types, 
which keep and market more satisfactorily. 
Outstanding success had been had in breed¬ 
ing disease-resistant strains of head lettuce 
(viz., Imperial), undertaken when blight 
and other diseases threatened the lettuce 
industry of the southwestern United States 
a score or so years ago. 

Lettuce is a herbaceous annual with large, 
glabrous, crisp leaves which bolts quickly 
to dandelion-like flower and seed in hot 
weather, developing at the same time a 
bitter taste. When planted in spring, head 
lettuce is usually started in hotbeds or 
coldframes to take advantage of early good 


growing weather. As a winter crop in south¬ 
ern areas it is usually sown in field or 
garden. Most growing is done on sandy loam 
and muck soils, preferably high in organic 
matter to hold moisture for this shallow- 
rooted plant. Considerable hand labor is 
involved in weeding, harvest, and handling, 
so that lettuce on the market is seldom 
cheap. Production in the United States ex¬ 
ceeds a million tons annually, chiefly from 
California and Arizona. 

Chinf.sf. Mustard or Pak-Choi, Brassica 
chinensis, Cruciferae. This annual or bien¬ 
nial is distinct from the Indian mustard, 
with which it will cross only with difficulty, 
but is very similar to, and grades into 
Chinese cabbage, B. pehinensis. It is known 
in many forms in the Orient, and is usually 
consumed raw as a salad plant. Its history 
and culture are the same as those of Chinese 
cabbage. 

Indian or Leaf Mustard, Brassica jun- ' 
cea, Cruciferae. This common annual seems 
to have evolved by several steps in central 
Asia. It is a very variable, erect, branched, 
glabrous species, used to some extent for 
cooked greens. 

New Zealand Spinach, Tetragonia ex- 
pansa, Aizoaceae. This spreading, prostrate, 
succulent annual, of Australia, New Zea¬ 
land, southern South America, and Japan, 
is used as a spinach substitute. It does not 
bolt, like spinach, in hot weather. Typically 
it is started under glass and transplanted to 
field location, the tender tip sections of 
stem being gathered by hand. It is cooked 
like spinach. In the United States it is of 
importance only locally. 

Parsley, Petroselinum sativum, Umbelli- 
ferae. Parsley has had a long history as a 
garnish and flavoring, having been utilized 
since ancient times. One type, Hamburg 01 
“turnip-rooted" parsley, bears a fleshy root 
which is used like celeriac. It is a biennial 
species, indigenous to the Mediterranean 
area. 
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Purslane, Portulaca oleracea var. saliva, 
Porlulacaceae. The young shoots of this 
common garden annual make excellent 
greens, raw, boiled, or fried. 

Rhubarh or Pieplant, Rheum rhapon- 
ticum, Polygonaceae. This species, one of 
several that are edible, is believed native 
to the Asia Minor area. Reportedly a Chi¬ 
nese rhubarb was used as a medicinal as 
early as 2700 b.c. Rhubarb is one of the few 
vegetables in which the petiole is the part 
consumed. The garden type is a coarse 
perennial with large cordate leaves, adapted 
to cool, moist climates and cold winters. 
The fleshy petioles, often a few feet long 
and sometimes as thick as a boy's wrist, are 
cut by hand, the leaf trimmed, and the 
stalks marketed in bundles. The leaf por¬ 
tion is said to contain mildly poisonous 
substances. Propagation is typically asexual, 
by dividing clumps (each section with parts 
of root, rhizome, and buds). About three 
years is required to develop a vigorous 
plant. 

Spinach, Spinacia oleracea, Chenopodia- 
ceae. This popular herbaceous annual is 
native to southwestern Asia, and was ap¬ 
parently introduced into Europe and the 
Far East only after Greek and Roman 
times. Both smooth-seeded and prickly 
seeded types have been developed. The 
plant, started from seed directly in garden 
or field, develops a crown of dark green, 
crisp leaves used as a potherb. The plant 
bolts quickly in hot weather, and is grown 
chiefly as a spring or autumn crop. It is 
vigorous and quick growing, and in well- 
prepared seed bed it usually reaches har- 
vestable size well ahead of weeds. More 
rapid growth and greater succulence are 
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Rhubarb. Rheum rhaponticum. (Courtesy Bailey 

Hortorium.) 


attained with nitrogen fertilization. Com¬ 
mercially, seed is drill-sown, but harvest 
is usually by hand. Machine thinning and 
cultivation may be practiced where feasible. 
Production in the United States amounts 
to about 200 thousand tons annually, about 
two-thirds of which is marketed fresh and 
the rest processed. California and Texas 
are the leading producing states. 

Miscellaneous Greens. The tender 
shoots of a number of plants serve locally 
as greens. Among them are: species of 
Crotalaria, Leguminosae, in central Amer¬ 
ica; poke, Phytolacca americana, Phytolac- 
caceae, in eastern North America; sea kale, 
Cramhe mart turn, Cruci ferae, in Europe; 
udo, Aralia cordata, Araliaceae, native to 
Japan; and many others. A large propor¬ 
tion of these are only haphazardly cul¬ 
tivated, or are taken from the wild; and all 
are of very restricted importance in the 
world economy. 
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CHAPTER 19 


Fruits 


In the language of everyday life the 
distinction made between "vegetable" and 
“fruit" is confused, and botanically quite 
unacceptable. For example, are tomatoes, 
rhubarb, pumpkin, and squash vegetables 
or Iruits? Botanically rhubarb is a petiole, 
and was listed as a vegetable in the previous 
chapter. T omato, pumpkin, and squash are 
bo tanically true fruits. Fortunately, most 
other foods botanically classified as fruits 
are so recognized by popular definition. 

As a group the comestible fruit-bearing 
plants are more diverse than root or herbage 
crops discussed in the preceding chapter. 
A number have very limited and local use, 
and some are today still taken only from 
the wild or from semicultivated plants. On 
the whole they are inferior in food value 
(protein, fat, and carbohydrate) to cereal, 
legume, and nut crops, consisting as do 
most green vegetables, largely of water. 
They are, however, fre quently rich in vita- 
mins and minerals, and constitute an item 
of the” worUfdiet that need defer to no 
other group of foods. For discussion they 
fall logically into three categories, which 
will be taken up in the following order: 
A. Herbaceous annu als (sometimes peren¬ 
nials in the tropics)—familiar fruits often 
serving as “vegetables,” grown in tropical or 


subtropical lands and as a summer crop in 
temperate latitudes; B. Perennial s, usually 
woody, of temperate climates—familiar as 
orchard and berry crops, of immense im¬ 
portance in “fruit growing” localities; and 
C. W oody perennials of tropical regions- 
the “tropical Iruits," of great variety, with 
but lew exceptions (such as banana, orange) 
scarcely known to temperate-zone peoples. 

Fruits of Herbaceous Annuals* 

Included for discussion in this category 
are some of the most readily grown favorites 
of the vegetable garden. Two families dom¬ 
inate the group, embracing all the im¬ 
portant species. These are the Solanaceae 
(tomato, eggplant, pepper), erect or sprawl¬ 
ing herbs; and the Cucurbitaceae (melons, 
squashes, pumpkin, etc.), coarse, trailing, 
tendrilled vines. 

African Cucumber or Balsam Pear, 
Momordica charantia, Cucurbitaceae. This 
is an African species extensively cultivated 
in all tropical and subtropical countries, 
the fruit of which is frequently sliced and 
dried, especially for use in curries. 

Chayote or Christoph ine, Secliium 
edule, Cucurbitaceae. This is a common, 
rapidly growing, perennial vine native to 


• Sometimes perennial in the tropics. 
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tropical America. The greenish, soft-spined, 
one-seeded fruit of which is cooked like 
squash or made into a sort of vegetable 
pudding. A single plant is reported at times 
to attain a length of one hundred feet, 
bearing perhaps several hundred fruits 
weighing up to a pound or more each. The 
tuberous roots and young shoots may also 
serve as food. Chayotes occasionally appear 
on the New York market, but most produc¬ 
tion is locally consumed in tropical Amer¬ 
ica. 

v^Cucumber, Cucumis sativus, Cucurbita- 
reae. The cucumber is another important 
food plant unknown in the wild, although 
similar species occur in northern India 
south of the Himalayas, the presumed home 
of the cucumber. The species was spread 
east and west before Christian times, and 



Cucumber, Cucumis saliva. (Courtesy Bailey 

Hortorium.) 


was cultivated in France by the ninth 
century a.d. Cucumber fruits range from 
small, stubby types only a few centimeters 
long to giants half a meter or more in 
length, with rough or smooth skin and 
green or white flesh. They are eaten raw, or 
are seasoned in vinegar, brine, and spice to 
become pickles. The plant is a monoecious, 
rough-stemmed, trailing vine, preferring 
fertile soils and ample moisture. As with 
other cucurbitaceous plants, it is a hot 
weather species, and cannot be planted out¬ 
doors until the soil is warm and all danger 
of frost is past. Thus cucumbers are started 
under glass in northern areas. Outdoor 
seeding is typically by drill, with frequent, 
shallow cultivation continuing until vine 
growth covers the soil. Harvest is by hand. 
Two or three varietal segregations have 
been proposed, of which the English or 
forcing cucumber is perhaps the most inter¬ 
esting. This variety will set (seedless) 
fruit without pollination. United States pro¬ 
duction of cucumbers approaches a half 
million tons annually, from all sections of 
the nation, more than half of which goes to 
make pickles. 

V • 


Eggplant, Solatium melongena, Solaria- 
ceae. This species is believed to have origi- 
n ated in northern India near Burma. Small 
fruited types were later secondarily de¬ 
veloped in China. Apparently the species 
was spread to Europe by Arabic peoples 
during the Dark Ages, and yellow- and 
purple-fruited types were known to both 
northern Europe and Brazil before the close 
of the seventeenth century. The United 
States seldom utilized the eggplant as food 
before the present century, although it was 
widely planted for ornament. It is being 
more widely utilized today, although its 
importance in the Western world is not so 
great as in the Orient (it is the fourth 
ranking "vegetable” in Japan). Eggplants 
are slow-growing and require a long season 
of warm weather to mature the. fruit. 
Usually they are seeded in hotbeds in tem¬ 
perate climates and are transplanted when 
a few centimeters tall. Production in die 
United States is only about 20 thousand 
tons annually, largely from Florida. 

Gherkin, Cucumis anguria , Cucurbita*- 
ceae. The true gherkin, a small, prickly, 
heavily seeded fruit used mainly for pickles 
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Cantaloupe, Cuctnnis mclo. (Courtesy Bailey 

Hortorium.) 

is obtained from slender, scabrous annual 
vines native to the West Indies. Small cu¬ 
cumbers are commonly substituted for gher¬ 
kins, so that "gherkin pickles” of the 
grocery shelf may not have been made from 
true gherkins. 

Husk Tomato, Pliysalia pubescens, Sola- 
naceae. This little-grown, decumbent, to¬ 
mato-like species produces small yellow 
fruits inside a thin husk. The fruits may be 
eaten raw, but are ordinarily used for 
preserves. 

Martynia or Unicorn Plant, Martynia 
proboscidea, Martyniaceae. The small, 
curved, beaked pods of this species of the 
southwestern United States and Mexico aie 
used when young for pickling. 1 he plant is 
grown to a slight extent in home gardens 
and is handled much like okra. 

Muskmelon Including Cantaloupe and 
Honeydew), Cucumis tnelo, Cucurbitaceae. 


Muskmelons occur in a wide range of 
forms, including the smooth-skinned fruits 
known as honeydews, the hard, rough-rind 
cantaloupes, and various other modifica¬ 
tions termed casaba, snake, banana, and 
other varieties.* Their seat of origin is not 
definitely established, some authorities sug¬ 
gesting Africa, others western Asia (Persia). 
Earliest records of this species under culti¬ 
vation are Egyptian, about twenty-four cen¬ 
turies b.c. Occurrence of wild plants has 
never been firmly established anywhere. By 
the sixteenth century the principal shapes 
and thick-fleshed forms known today had 
been developed, and the species spread 
throughout the world. 

The melon species is a prolific, trailing, 
annual vine with slender, pubescent stems, 
angled or lobed leaves, and yellow, monoe¬ 
cious flowers. It is a hot-weather plant, sown 
outdoors in rows or hills after the soil is 
warm and all danger of frost is past, or (in 
cooler climates) started under glass and 
transplanted in the field. Dry weather is 
preferable for good ripening. Most produc¬ 
tion in the United States (nearly half a mil¬ 
lion tons annually) comes from the West, 
especially the Imperial Valley of California. 

Okra or Gumbo, Hibiscus esculentus, 
Malvaceae. Okra is believed to have origi¬ 
nated in the northeast African center of 
domestication, and is reportedly found wild 
in upper Nile country. Used in Egypt for 
centuries, it spread to the Far East and 
Europe in Christian times, and was brought 
to the New World in the 1600's, where it 
found exceptional popularity in the French 
cookery of Louisiana. Okra is not widely 
popular today, partly because most people 
are unfamilar with its best use. A common 
mistake is to let the pods become too mature 


...... , rriinilnint netted melons; var. cantalupensis, cantaloupe melons; var. 

“ «. /r ;,„ 
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,csc varieties mentioned is of much importance in the United States. 
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Common okra, capable of yielding a bast fiber 
as well as an edible fruit (vegetable). (Courtesy Chi¬ 
cago Natural History Museum.) 



Green pepper. Capsicum frutesccns ( annuum ). 
(Courtesy Chicago Natural History Museum.) 


where thousands of tons are grown for the 
canned soup industry. It is a warm weather 
plant, tolerant of soil types but demanding 
full sun. 


and thus tough. They grow rapidly, and 
should be collected at least every other day. 
Except as fried in meal, okra is seldom 
consumed “straight,” but is more often in¬ 
corporated in stews, soups, or gravies, or is 
mixed with other vegetables. It may be used 
either fresh or dried, with much the same 
flavor and mucilaginous effect in either 
case. As was mentioned previously, the ripe 
seeds yield an edible oil. 

The okra plant is a coarse, erect annual, 
resembling in flower its relatives the mal¬ 
lows. The comestible fruit, botanically a 
capsule, develops as a slender, angled cone 
that turns exceedingly “gooey” upon cook¬ 
ing. Scatteringly grown in the home garden 
okra finds greatest commercial use in certain 
localities of the southern United States 


Garden Peppers, Capsicum frutescens 
(including C. annuum and numerouT un¬ 
certain varieties), Solanaceae. There exist 
well-documented accounts of discovery in 
the New World by Columbus and other 
early explorers of the “hot" peppers, more 
pungent than the famed spice of the East 
of that name. This pungency accounts for 
the unfortunate appellation of “pepper” 
given this New World plant, grown by die 
Indians from Chile to middle North Amer¬ 
ica. The spicy forms, mentioned in an 
earlier chapter and sometimes distinguished 
as C. annuum, were especially esteemed in 
the tropics. Still today, Mexico, for example, 
is noted for the fiery chili (the name signi- 

a r, early Spain ’ “ from ChiIe ") sauces, 
and chilt con carne is a favorite in the 

United States as well. Cayenne pepper is 
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derived from the dried, pulverized fruit of 
a slender, "hot" red pepper named after 
the Guiana city of the northern South 
American coast. Similarly pungent is the 
tabasco strain, used to make the tabasco 
sauces of the South. 

More favored in the United States today 
than the hot peppers are the mild green 
(unripe) and red “sweet" peppers, consumed 
raw in salads, variously cooked, and as a 
flavoring. Pimento or pimiento is a thick- 
fleshed, bright red, sweet type of pepper 
much utilized for stuffing olives, in pimento 
cheese, and (dried) as a spice. A long, thick, 
nonpungent form especially cultivated in 
Central Europe yields paprika. 

The garden pepper plant is a slow-grow¬ 
ing, semi-erect, glabrous annual (often bien¬ 
nial or perennial in the tropics) with small 
(lowers and a notable diversity of fruit 
types (round to linear, large or small). It 
is a tender, hot weather species, often 
started in the hotbed in temperate localities. 
Cultural requirements are about the same 
as for eggplant. Domestic production in the 
United States amounts to nearly 100 thou¬ 
sand tons annually. An additional 10 thou¬ 
sand tons is imported, largely from Mexico. 
yi’uM i’kin, Cucurbita pepo, Cucurbitaceae. 
The pumpkin, once considered by I)e 
Candolle as native to Asia, has since been 
proved of North American origin by the 
finding of seeds in ancient archeological 
sites. The species has never been found in 
the wild, however. It is a harsh, trailing, 
or occasionally somewhat erect annual vine 
with an enormously extended root system, 
angular stems, ovate-triangular, prickly 
lobed leaves, and monoecious flowers. The 
comestible fruits assume many shapes, from 
the familiar Halloween jack-o-lantern 
pumpkin to the white scallop, pattypan, 
cymling, and golden crookneck summer 
squashes, these squashes also being forms of 
this species. The various horticultural 
varieties cross readily, and indeed this 


species hybridizes with the squash species 
C. maxima and C. most hula. Considerable 
confusion exists as to precise classification 
within the group. 

Pumpkin and summer squash are best 
consumed boiled, mashed, or fried, when 
very young, before a hard rind has de¬ 
veloped on the fruit and before mature seeds 
form within. This necessitates almost daily 
picking, for at the peak of growth in hot 
weather fruits will enlarge from fertilized 
ovary to comestible size in a very few days. 
When the fruits are to be used as cattle feed, 
less care, of course, need be taken. Much of 
the “pumpkin" that goes into pumpkin pie 
is not true pumpkin but flesh of the more 
richly flavored squashes (C. maxima), such 
as Delicious, Boston Marrow, or similar 
horticultural varieties. Pumpkins are hot 
weather plants that grow best in lulUtULon 
rich, porous soils. They are usually planted 
in hills or rows, by hand or drill, after soils 
and weather have become warm, and are let 
grow vigorously through the summer with 
little attention, for autumn harvest. Rarely 
are they started under glass and trans¬ 
planted to the field. If carefully handled 
and ripened, pumpkins may be stored 
several months in dry, moderately warm 
locations. No figures are available on pump¬ 
kin production, but a few million cases, 
each containing 2-f Number 2 cans, are 
marketed in the United States annually. 

Squash, Cucurbita maxima and C. mos- 
cliata (including C. mixta, the cushaws, 
Tennessee sweet potato, Japanese pie, and 
silverseed gourd), Cucurbitaceae. The New 
World species here listed include the winter 
squashes—late-growing squashes that have 
small or medium, oddly shaped, rough or 
warty fruits with a hard rind that is con¬ 
ducive to good storage. In contrast to sum¬ 
mer squashes (see Pumpkin), winter 
squashes are generally baked, or boiled and 
the flesh scraped out and mashed. The 
fruits are preferred mature, after the hard 



Fruits of squash, Cueurbita s/>. (Courtesy Chicago 
Natural History Museum.) 


rind has developed. C. maxima is repre- 
sented by such familiar horticultural varie¬ 
ties as Hubbard, Delicious, Marblehead, 
Boston Marrow, Banana, and Turks Tur¬ 
ban; C. moschala includes Cushaw, Winter 
Crookneck, Japanese Pie, and Large Pump¬ 
kin types. The former species was known 
only in southern South America before the 
Spanish conquest, but the latter, presumably 
native to Mexico and Central America, had 
been widely spread and grown by the 
Indians of both North and South America. 



An old ait from Dodoen's A Niewe Herball , or 
Hisiorie of Plants, showing the "love apple." or 
tomato. (Courtesy Missouri Botanical Garden.) 


Both species are similar to the pumpkin 
(including summer squash), but are gener¬ 
ally less harsh and have less deeply lobed 
leaves. Cultural techniques are the same 
for all three species. Winter squashes are 
little grown, except in parts of tropical 
America and in Japan, and are of consider¬ 
ably less importance than C. pepo. 

Tomato, Lycopersicum esculentum, Sola- 
naceae. Strange indeed is the story of the 
tomato, a hot weather species possibly native 
to the Peruvian Andes (though more recent 
evidence points to Mexico as the place of 
origin), where many wild and cultivated 
forms exist today. Probably it was of but 


slight importance to-its ancient New World 
domesticators, for the fruit’s keeping quality 
is practically nil. Yet, introduced in south¬ 
ern Europe, it slowly became a favorite, 
until, for example, Italian spaghetti would 
not be Italian spaghetti without tomato 
paste and tomato sauce. Accepted as a food 
m Italy, the species was mostly grown as 
an ornamental elsewhere. In France in 1600 
it was termed pomme d’amour (love apple) 
Two centuries later the love apple was 
reintroduced into North America (reintro¬ 
duced, since in pre-Conquest times it had 
spread from the Andean area northward) 
but for nearly a century more it was 
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strangely considered poisonous if eaten. But 
America eventually acquired from Euro¬ 
peans the habit of eating the tomato, and 
today it ranks as one of the United States' 
most popular "vegetables.” Production 
reaches some 1 million tons annually, and 
is insufficient, except seasonally, to meet the 
demand, at least lor cheap, fresh tomatoes. 
Three-fourths of the production is proc¬ 
essed into juice, canned tomatoes, catsup, 
and tomato pastes. 

Tomatoes may be had in many strains— 
from those with small, cherry-si/e red or 
yellow fruits to the gigantic ponderosa types 
in which the fruits may weigh well over a 
pound. Most arc round, but some are pear- 
shaped; some are tart, some sweet, and some 
insipid. L. H. Bailey lists the following 
varieties: cerasaeiforme, the small-fruited 
cherry tomatoes, the putative ancestral type; 
pyrijorme, the pear tomatoes; grandifolium, 
the potato-leaved tomato; validum, the up¬ 
right tomato; commune, the common toma¬ 
to. A recent cross between a wild cherry 
tomato of Costa Rica and a Cuban Mar- 
globe (common) tomato yielded the valua¬ 
ble “Turrialba” variety for the Tropics. 
Chemically the fruits are largely water, but 
contain varying proportions of acids, sugars, 
and vitamins. The plants are hairy, trailing, 
herbaceous annuals“wirtr—n very charac¬ 
teristic odor. Normally, in temperate cli¬ 
mates, they arc started under glass and 
transplanted to field or garden. There they 
may be staked to keep the fruits off the 
ground and hence more perfect and to per¬ 
mit better weed control, or the plants may 
be allowed to trail over the ground. Seed¬ 
lings should never be set out until all danger 
of frost is past. They are set out by hand 
or by machine transplanter-in the South 
as a winter crop. The fruits are picked by 
hand, for the fresh market while still some¬ 
what green, and are permitted to ripen in 
the store. An antibiotic, tomatine, has been 
extracted from the seed. 


Watermelons, Citrullus vulgaris, Cucur- 
bitaceae. One ol four species of Citrullus, 
the watermelon, has been in cultivation for 
over four thousand years. It is native to 
Africa, and was in cultivation among the 
ancient Egyptians. Both yellow-fleshed and 
red-fleshed, bitter and sweet, types are 
known. Growing wild and cultivated in 
Africa, they may frequently be an important 
water source lor man and beast in times of 
drought. In modern America watermelons 
are mostly eaten raw, iced as dessert. The 
rind is sometimes also made into “pickles." 
In Russia a fermented beverage is re¬ 
portedly made of the juice, or the juice is 
boiled down to a sugary syrup. Orientals 
are said to preserve chunks of watermelon 
in brine. In many localities the roasted 
seeds are eaten, just as are (and were, in pre- 
Conquest New World cultures) squash seeds. 
A hard, white-fleshed watermelon, the citron 
or preserving melon, is used for pickling 
and jellies. 

The watermelon plant' is a trailing, ten- 
driled, scabrous, monoecious vine with 
deeply pinnatifid leaves. Planting and cul¬ 
ture are about as for the pumpkin and other 
cucurbitaceous species discussed. Production 
in the United States amounts to nearly 80 
million melons (a million tons) annually. 

Efybs of Temperate Perennials 

' The majority of fruits familiar to the 
North American palate are included in this 
category. Almost all are intensively cul¬ 
tivated, in contrast to most tropical fruits, 
a goodly number of which are semiculti- 
vated or even gathered from the wild. A 
great deal of scientific investigation has 
been undertaken into'(he propagation, cul¬ 
ture, and handling of temperate fruits' 
Today the field of pomology has become 
one in which trained specialists are on the 
alert for improved techniques and varieties, 
and in which the producer neglecting 
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proper methods has little chance of com¬ 
mercial success. In particular it is necessary 
to he cognizant of varieties adapted to the 
local climate, and to be familiar with 
growth patterns, planting procedures, spray 
and fertilizer schedules and compounding, 
pruning techniques, cultivation and cover 
cropping, irrigation, and perhaps even bud¬ 
ding and grafting. All these, of course, 
apply differently according to individual 
fruit types. Further discussion may be found 
in the many books devoted to fruit grow¬ 
ing. one or two of which are listed at the 
close of this chapter. 

It will be noted that of all plant families 
the Rosaceae stands out in importance as 
a s ource of temperate “fruits." ThreToFThe 
four typifying genera belong to this large 
and important family. It will also be noted 
that the majority of the leading spec ies are 
of Old World orig in, having risen especially 
in the ancient central Asiati c centers of 
do mestication , where pr ehistoric civi liza- 
tions may have first s elected f rom wild forms 
appe aling apples, pears, plums, cherri es, 
a pricots, strawberries, and brainble~ fruits 
-the mainstays in the temperate fruit diet 
today. Most of ^these fruits are o f very 
ancient^ cultivation, and were known in 
many horticultural'varieties by the time of 
the Greek and Roman civilizations, 
Temperate fruits have never been basic 
to the human diet over any wide area. 
Nutritionally they provide little food value 
(some sugar, negligible quantities of fat and 
protein), consisting as they do largely of 
water. Yet their vitamin, organic acid, and 
mineral contribution to the diet earns them 
an important place in the modern economy 
Moreover, they are a prime source of pec¬ 
tins (see Gums, p. 207), and are a favorite 
flavor and jellifying substance for innumer¬ 


able jellies, jams, marmalades, and pre¬ 
serves. 

Having high moisture content and deli¬ 
cate texture, fruits in their natural state 
are unusually perishable. Fresh fruits are 
thus apt to be seasonal, and available 
generally only in advanced areas where 
rapid and efficient transportation prevails. 
Many fruits can be held for longer or shorter 
periods of time under modern, improved 
cold storage facilities, but much of the fruit 
crop must be preserved-by canning, drying, 
sugaring, freezing, or less commonly, by 
salting, smoking, pickling, or preserving 
with other chemicals. Some of these prac- 
ticcs—drying, for example,-date back to 
prehistoric times, while others-such as freez¬ 
ing-are at the moment the latest of modern 
techniques. Most fruits are consumed raw 
and are cooked only insofar as that is neces¬ 
sary for their preservation. 

In this section the apple, grape, raspberry 
(brambles), and strawberry will first be dis¬ 
cussed as important examples of fruit types. 
Following this other temperate fruits will 
be listed, with briefer comment. 


1. Apple , Pyrus mnlus (Malus sylvestris 
M. communis), Rosfcea e. No oilier fruii 
has had the importance in temperate 
regions of the apple. Adaptability of the 
fruit to handling and marketing, and it< 
remarkable (for a fruit) keeping qualities 
permit its sale through most of die year. 
Varieties bearing in summer, autumn, and 
winter” are available, and in addition 
storage techniques have been so perfected * 
that apples now appear on the fruit counters 
of temperate region stores during every 
season of the year. Moreover, thousands 
of bushels of apples are canoed (especially 
m the form of apple sauce), dried, or con- 
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Apples growing in eastern Washington. (Courtesy 
Chicago Natural History Museum.) 


verted into cider and vinegar. And the 
heavy wood ol Pyrus mains finds use both in 
woodworking and as a fuel. 

The a pple evidently originated in the 
Caucasus Mountai ns ol western Asia , where 

i 

it has been under cultivation lor thousands 
of years and where wild lonns still exis t 
today. Innumerable horticultural varieties 
have been selected, specifically adapted to 
regions and climatic or soil conditions. 
These vary in fruit type from the yellow, 
very sweet Golden Delicious to the deep 
red, tart Winesaps, the crisp Jonathans, or 
the gigantic, sweet, but mealy Delicious. 
These and many others are favorite varie¬ 
ties in the United States. 

The apple tree is a round-crowned, long- 
lived perennial, remaining productive lor as 
long as a century (most orchards, however, 
are renewed with better varieties and 
younger trees about every forty or fifty 
years). Commercial propagation is accom¬ 
plished by grafting selected varieties onto 
stock grown from seed, cuttings, or layering. 
The stock utilized is frequently crab or 


pomace apple. As with all woody plants, 
development of newer and superior varieties 
and their acceptance and carrying to pro¬ 
ductive age are a long-term project. 

Leaves are borne on all twigs and cymes 
ol flowers on condensed short-shoots (spurs) 
only. The leaves are simple, the flowers 
perlect but in many varieties self-sterile. In 
this case branches of good pollinating varie¬ 
ties must be grafted into the trees, or trees 
of another variety planted in the orchard 
to assure cross pollination. Pollination is 
largely by insects, bees being especially help¬ 
ful. Fertilization results in a fruit in which 
the ovary (inner cartilaginous core of an 
apple) is surrounded by the fleshy, edible, 
reccptacular tissue—a type of fruit botani- 
cally termed a pome. The flesh of an unripe 
or “green" apple is hard and starchy (3 to 4 
per cent starch). As ripening proceeds, char¬ 
acteristic color develops in the epidermis 
and the starches are hydrolyzed to sugars. 
The flesh becomes less firm and develops the 
flavor and aroma (from esters and essential 
oils) characteristic of the variety. Approxi¬ 
mate composition of the edible portion of 
ripe apples is: water, 84.1 per cent; protein, 
0.3 per cent; fat, 0.4 per cent; ash, 0.3 per 
cent: sugar, 11.1 per cent; fiber, 1.0 per 
cent; acid, 0.5 per cent. Apples are best 
harvested fully ripe, for green apples under¬ 
go very little ripening alter removal from 
the tree. Over-ripe apples become mealy 
because of decomposition of the pectic 
middle lamella between cells. 

The apple species is attacked by several 
insect and fungus pests, and it is important 
that appropriate spray schedules be main¬ 
tained to prevent unmarketable “wormy” 
apples, usually the result of attacks by the 
codling moth. First spraying (traditionally 
lime sulfur) is typically done as the flower 
buds begin growth, with subsequent spray¬ 
ings repeated at bud opening, petal fall 
(using arsenicals or some of the newer in¬ 
secticides such as DDT derivatives, for cod- 
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I'lc-haivest ( | r «p 0 f apples from unsprayed trees. (Courtesy Economic Botany.) 


ling moth), and one or two times thereafter. 
This* care adds, of course, to the cost of or¬ 
chard maintenance and hence to the price 
of apples. 

Orchards must also be pruned periodi¬ 
cally, so as to keep the trees low for fruit 
gathering and to maintain vigorous, bear¬ 
ing wood. In addition, recent vears have 
seen growth-hormone spraying, to prevent 
late fruit drop or windfall, which tends to 
bruise the fruit and lower its market and 
eeping value. This hormone treatment 
lengthens the period during which apples 
may be picked by hand. Apple trees gener¬ 
ally flower and fruit abundantly in alternate 
years-.n a sort of “biennial” perennial 
system. Flowering takes place early in the 
spring, and frequently there is severe loss 
to the grower if unexpected late frosts 
following warm budding weather kill the 
susceptible blossoms. In spite of this sus¬ 
ceptibility of the flower to cold, however, 


apple trees will not thrive without a cold 
(winter) dormant period. No varieties adapt 
able to the tropics have ever been developed. 
On the other hand, the apple, one of the 
the most hardy of tree fruits, has been suc¬ 
cessfully grown as far north as (>5°. 

Apple juice as expressed from fresh apples 
contains about 11 per cent sugar. Often the 
sweetness of apple juice is less a reflection 
of sugar content than of a lack of malic acid. 
The fresh juice (sweet cider) will ferment 
naturally (with wild yeast) or under con- 
trolled conditions (inoculated with selected 
veast) to yield an alcoholic product (hard 
cider). There follows a bacterial acetic acid 
fermentation in which the alcoholic prod¬ 
uct is oxidized to vinegar. The properties of 
vinegar are due chiefly to the acetic acid 
content, and m commercial vinegar produc¬ 
tion carefully directed yeast fermentations 
prevetu carry-over of ill-flavored products. 
Cider mill residue is a commercial source 
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Absence of pre-harvest drop of apples from trees which have received hormone 

spray. (Courtesy Economic Botany.) 


of pectin, a by-product of the cider and 
vinegar industries, as was pointed out in 
Chapter 9, “Gums.” 

World production of apples centers 
chiefly in western Europe (some 300 million 
bushels, especially from France), North 
America (some 150 million bushels), and 
Australia (some 13 million bushels). Annual 
production in the United States averages 
about 4 million tons, almost a fourth of the 
total fruit crop of the nation. About 10 per 
cent of this yield is exported. Summer 
apples are produced chiefly in the North 
Atlantic and central states (except for 
Gravensteins, which come from the West). 
Autumn apples (Grime's Golden, Jonathan, 
and so forth) come chiefly from the Central 
and South Atlantic states. Winter apples 
(especially Delicious and Winesap) come 
largely from the West (Washington), except 
the important, hardy McIntosh from the 


northeastern states. Washington is the lead¬ 
ing producing state, followed by New York, 
California, Virginia, and Michigan. Two- 
thirds of the commercial production is con¬ 
sumed fresh; about one-tenth is devoted to 
canning and one-tenth to juice or cider 
extraction. Minor quantities are dried and 
frozen. 

A. Grape, Vitis vinifera and other spe¬ 
cies, Vitaceae. Modern grapes with few 
exceptions appear to be direct or hybrid 
descendants of the ancient wine grape of 
southwestern Asia, in cultivation long be¬ 
fore Christian times and frequently men¬ 
tioned in the Bible. Many naturalized or 
possibly wild forms are still known in the 
Caucasus region. As civilization moved west¬ 
ward, selected strains from the Near East 
were brought into contact with natise 
grapes in Greece, Italy, northern and west- 
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The northern fox grape, Vilis labrusca, part par¬ 
ent of some modern grape varieties. (Courtesy Chi¬ 
cago Natural History Museum.) 


Abundantly fruiting grapes. (Courtesy Chicago Nat¬ 
ural History Museum.) 

ern Europe, and finally the New World. 
Selection of many horticultural varieties 
was made^that of»the seedles s typ es (from 
a bud mutation) depending, of course, upon 
continued vegetative prop agatio n by man. 
Muscat grapes and many of the New World 
horticultural varieties are fairly recent, but 
always the important factors foFTruit 
quality seem to stem from vinif era " bT ooth" 
Early colonists in the New World, ac¬ 
customed to growing I', vinifem in Europ e, 
introduced the spe cies into North America 
as early as 1019, but with Hale success. Not 
until the nineteenth century was it realized 
that the hardiness of native_grapes would 
iiave to be utilized to achieve successful 
grape growing in the United States. V . 
labrusca, V. aestivalis, and V. vulpina were 
soon domesticated, and quality factors from 
V. vinifera incorporated, to produce such 
early favorites as Catawba, Isabella, and 
Concord. This line of descent has supplied 
grapes for most of Noith America, although 


the outstanding grape producing center in 
the United Stales, California, has utilized 
pure V. vinifera introduced from Eu¬ 
rope. The thick-skinned muscadine “berry 
grapes" of the southeastern United States 
are, on the other hand, derived from a 
native species, V. rotundifolia. 

Gr ape s, perhap^jnore than most fruits, 
reach perfection only with the best of care. 
There are varieti es avai lable suited to most 
climates, although the northern range is 
limitedT>y the need of grapes for long sum- 
mers and their inability to withstand win¬ 
ters'with temperatures much below 0° F. 
Moderate ventilation, warmth, and dryness 
of air (to prevent mildew) are necessary for 
best-quality grapes. The great vintage years 
in which the best wines are made are dry 
and warm. Grape vines are propagated by 
cuttings (occasionally by layering) set in the 
vineyard no less than 7 ft. apart. If started 
on well-drained soil into which organic 
matter has been incorporated, a vineyard 
should live half a century. Often vinifera 
grapes are grafted onto phylloxera-resistant 
rootstock (American species),* or a desired 


• It was ibis technique that, in the days of Pasteur, saved the great French wine industry from the 
root louse. 
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Picking Thompson seedless grapes directly onto travs for sun drying between 

the vine rows. (Courtesy Economic Bolan\.) 


variety is made more productive by being 
grafted on a rootstock better adapted to a 
particular local soil or climate. Most grape 
vaiieties are self-fertile, but some yield finer 
fruit when cross-pollinated, and some are 
even sterile without pollen of another 
variety. Clean cultivation, or less often 
cover-cropping or mulching, is practiced in 
the vineyard. Several systems of pruning 
grapes (aside from removal of all suckers) 
are used, involving in general reduction of 
canes to the number that will support large 
clusters of quality fruit. Grapes flower and 
fruit from new wood, and generally fifteen 
to thirty buds on two to four canes are 


saved to produce the new shoots bearing two 
or three bunches each. Grapes are suscepti¬ 
ble to several fungus and insect diseases. 
This susceptibility usually necessitates spray¬ 
ing schedules that add to the labor and 
cost of maintaining an orchard. Thinning 
where necessary, girdling (if practiced), and 

picking are all hand operations materially 
affecting costs. 


i 


u-uh alternate, palmately veined, ajul f 
quently lobcd l eaves._ The fragrant flow 
are small, with stamens opposite' the pet; 
borne in racemedike_ p a nicies opposite t 
leaves. The fruit, botanically a kerry, J 
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Black raspberry, Rubus occidentals. (Courtesy Chi¬ 
cago Natural History Museum.) 


two chief uses-for "fruit/' including dry¬ 
ing to raisins" nd preserving as jelhes, and 
for fermentation to wine. The latter use 
will be further discussed under Alcoholic 
beverages iiTthe next chapter. Popular table 
grapes include Seneca, Niagara, Emperor, 
Concord, Golden Muscat, and Catawba. 
Favorite raisin varieties (California) are 
Muscat of Alexandria, Thompson Seedless, 
and Sultana. Of the over 3 million tons of 
grapes produced annually in the United 
States, more than one-third are dried (as 
raisins and “currants"), and about one-diird 
crushed (for wine, brandy, j uice, an djo 
fori rir) t- a -few hundred thousand tonsare 
c onsume d,.fresh. California is by far the 
leading grape-producing'|me, followed by 

New York and Michigan. United States 
production is exceeded only by that of 
Europe, where total production, mostly 
from France and utilized almost entirely in 
the wine industry, is tenfold that of the 
United States. 

3. Brambles, Rubus spf)., Rosaceae. Un : 
der the general heading of brambles are 
included red raspberries, R. strigosus and R. 
idaeus and their hybrids; black raspber¬ 
ries, R. occideutalis; purple raspberries, 
R. “neglectus,” considered by some a hy¬ 


brid from R. occideutalis; blackberries, R. 
vitifolius titauus, R. laciniatus, R. alle- 
gheuieusis, and a host of other species; 
dewberries, R. trivialis, R. mirus; young- 
berries, R. ursinus in var.; loganberries and 
boysenberries, R. ursinus loganobaccus; 
and many other species of Rubus. The 
genus contains a large and complex as¬ 
sortment of species, varieties, and putative 
hybrids, including a polyploid series up to 
12n. The plants are mostly prickly shrubs, 
with stems or canes commonly biennial and 
underground parts perennial. Brambles 
typically flower on second-year canes (flori- 
canes) only. Flowers are perfect, and develop 
into an aggregate of druplets, the "berries" 
of commerce. In the raspberry group the 
prominent receptacle separates readily from 
the aggregate, producing a hollow berry, 
but with blackberries and dewberries the 
core or receptacle adheres to the druplets. 

Black raspberries are usually propagated 
by layering, red raspberries are commonly 
derived from "suckers" from underground 
stems, and blackberries from root cuttings. 
Of course in breeding work and in the wild, 
seeding is not uncommon. Newly propa¬ 
gated brambles are dug during the dormant 
season, usually for spring sale and trans¬ 
planting. These are set in the fields several 
feet apart, and may be dean-cultivated or 
alternatively mulched to control weeds. In 
severe climates the canes must be given some 
winter protection. Removal of canes that 
have fruited can be done any time after 
fruiting. Topping is practiced during the 
growing season and pruning as the variety 
demands during the dormant period. These 
necessary attentions add somewhat to the 
cost of bramble fruit production, but less 
than does the necessity of picking the 
berries by hand. Care in picking so as not to 
bruise the fruit, and careful and minimal 
handling, are requisite in marketing. Some¬ 
times bramble fruits are “conditioned” be¬ 
fore shipping to market in rooms with 
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regulated carbon dioxide concentration and 
controlled temperature and humidity. Such 
treatment enhances their keeping quality 
to some extent. 

Brambles of one species or another grow 
in regions ranging from subtropical to cold 
temperate. By and large, red raspberries 
find ‘‘apple climates" congenial, while black 
raspberries and blackberries are a little 
more tolerant of heat and perhaps a little 
less hardy, preferring “peach climates.” All 
are mesophviic in water requirements. As 
cultivated plants, brambles are compara¬ 
tively recent. Red raspberries (R. idaeus) 
were in cultivation in Europe at the close of 
the Middle Ages, and a few horticultural 
varieties were introduced into North Amer¬ 
ica before 1800. A few years later the Ameri¬ 
can red raspberry (R. strigosus) was brought 
into domestication, and hybridization with 
the European species effected. About this 
same lime black raspberries were devel¬ 
oped, the first named variety at Cincin¬ 
nati, Ohio, in 1832. Wild American black¬ 
berries had long been esteemed by the 
Indians and early colonists, but were not 
selected or generally put into cultivation 
until the nineteenth century. The cutleaf 
blackberry ( R. laciniatus) is an exotic origi¬ 
nation developed during this period from 
a European species. Many other exotics, 
selected mutants, and hybrids have been 
tfeyg^ped, until today blackberry types 
(such as dewberry, loganberry, laxtonberrv, 
nessberry, veitchberry, and so on) are legion 
and include a thorough mixture of many 
botanical species, themselves not clearly 
delimited. Well-known commercial varieties 
among black raspberries include Cumber¬ 
land and Gregg; among purple raspberries, 
Latham, Marcy, Chief, and others; among 
blackberries, Eldorado, Snyder, and (dew¬ 
berry) Lucretia. 

Commercial production of bramble fruits 
in the United States approaches a hundred 
thousand tons, with an undeterminable 


additional amount obtained from wild 
plants and utilized locally. Raspberries, 
which account for somewhat more than half 
the commercial acreage devoted to bram¬ 
bles, are produced chiefly in the north¬ 
eastern United States and on the Pacific 
coast; blackberries come from many regions 
but especially from the south central states 
(Texas to Missouri). In season much of the 
crop is consumed fresh, but additional large 
amounts are preserved (especially as jellies 
and fruit sauces), canned, and frozen. The 
canned pack of all berries in the United 
States is nearly a million cases (each con¬ 
taining 24 number two cans). The frozen 
pack (bramble fruits only) is nearly 30 thou¬ 
sand tons (1947 figures), largely from the 
West. 

4. Strmcberry , Fragaria spf)., Rosaceae. 
Perhaps the favorite “berry” among temper¬ 
ate peoples of both hemispheres is the straw¬ 
berry, embracing especially F. chiloensis, 
probably indigenous to Chile and the North 
American mountains from California to 
Alaska. Bailey regards its var. ananassa as 
representing most of the common cultivated 
strawberries. F. virgitiiana, the wild straw¬ 
berry of eastern North America, was do¬ 
mesticated in early colonial times, and has 
probably entered into the evolution of the 
garden strawberry. The European F. vesca 
and its varieties is the source of the ever- 
bearing strawberries, which, incidentally, 
are propagated by separations of the crowns, 
since runners are not formed. All species are 
herbaceous perennials adapted to temperate 
climates, with a condensed stem (crown) 
bearing a rosette of long-petiolate, stipulate, 
trifoliolate, dentate leaves, and, except in 
F. vesca, propagating readily after fruiting 
by long runners or stolons which root at 
intervals (first rooting is usually at the third 
node on the stolon) to form young plants. 
As many as fifty new plantlets may be ob¬ 
tained in a season from stolons of a vigorous 
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parent plant. The white flowers are borne 
in short raceme-like clusters, and may l>e 
either perfect or pistillate. Varieties of the 
latter kind require that pollen-bearing types 
be planted in association with them to effect 
set of fruit. The fruit is not a berry botani- 
cally but a n aggregate of achene s (the small 
black dots on a strawberrv) on a fleshy 
receptacl e. The strawberry fruit is tbus 
accessory as well as aggregate. 

The diploid everbearing strawberry, F. 
vesca, has been under sporadic cultivation 
in Europe ever since pre-Christian times; 
later, it is mentioned by Pliny during the 
first century a.d., and by various herbalists 
thereafter. It was apparently not seriously 
cultivated, however, until after the fifteenth 
century, when several selected strains ap¬ 
peared, and has never been so widely 
popular as the common strawberry. The 
latter seems to have originated in Europe 
in the nineteenth centurv, from the lnbridi- 

4 4 

zation ol the two introduced octoploid 
species, F. chiloensis and F. Virginian". F. 
Virginiana had been introduced into Europe 
from Not tli America in the early 1600’s, 
with onlv modest success because of its 

4 

small fruit. F. chiloensis was introduced into 
France from Chile (four plants only surviv¬ 
ing the voyage, one of which alone was to 
sire the now important French strawberry 
industry), and was grown, at least in Eng¬ 
land later, alongside of F. virginiana. Hy¬ 
bridization apparently occurred, to pro¬ 
duce large-fruited strains whose true value 
was not realized for a century. Several 
horticultural varieties selected from these 
strains were introduced into the United 
States during the 1800 s and have given rise 
to a modern hundred-million-dollar in¬ 
dustry. 

Strawberry varieties are available today 
that suit almost any soil (save boggy soils) 
or any temperate climate. I lie plants are 
propagated by runners, except in the rare 
cases of experimental breeding. The run¬ 


ners. when transplanted by hand in spring, 
bear fruit the year following transplanting 
so that in commercial production the straw¬ 
berry is commonly treated as a biennial, the 
plants being reset every second year for 
alternate-year harvest. In the home garden, 
strawberries will continue to bear for two 

or more vears, but the berries become 

0 

smaller and less abundant and are not 
profitable commercially. Generally, young 
plants are set in rows about 3 ft. apart, the 
plants themselves being set 2 ft. apart. The 
first vear the flower buds are removed bv 

4 / 

hand, so that all vigor may be directed to¬ 
ward more robust growth and abundant 
runners. Various systems of runner control 

4 

are practiced, in some cases the runners 
being limited (by hand picking) to only two 
to a plant, these being oriented into a row 
position. In other cases the runners are let 
root at random. During this first year care¬ 
ful cultivation and weed control must be 
practiced, and in cooler climates protective 
mulching during the winter as well. The 
second year the strawberry requires little 
attention other than harvesting of the abun¬ 
dant fruits. 

Strawberries, like bramble fruits, are 
picked by hand. They bruise readily and 
keep poorly, so that the greatest of care must 
be taken in picking them. It is recommended 
that the pedicel be pinched, any grasping 
of the fruit itself being thus avoided. The 
care required in marketing makes the 
rather high market price of strawberries no 
surprise. Most strawberries are consumed 
fresh, although considerable quantities are 
made into preserves, and, more recently, are 
frozen. In season they are one of the favorite 
dessert fruits, and are one of the primary 
fruit flavors for ice cream and confections 
at all seasons. 

Innumerable horticultural varieties have 
been developed, among which are included 
Klondike (covering the greatest strawberry 
acreage in the United States-before World 
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Strawberry picking in the Spokane Valley. Washington. (Courtesy Chicago 

Natural History Museum.) 


War II about 30 per cent of total acreage 
Premier, Aroma, Howard, Clermont, Cat: 
and others. Commercial production in th 
United States approaches 200 thousand ton 
annually; of this the frozen pack in recen 
years has accounted for about 25 or 30 pe 
cent. Limited winter strawberry productioi 
comes from Florida; early spring produt 
tion is from Louisiana and other southen 
states; mid-spring production largely fror 
Arkansas and Tennessee; and late sprin 
production mostly from Michigan, Oregon 
and Washington. 
m 

5- Other temperate fruits . 

Apricot, Pvunus avtnefuaca, Ros ace^ 
The apricot is probably nativeTo ChmaTbi 
was early introduced into the N ear Ea: 
where it was well known and probab 


escaped in Greek and Roman times. Apricot 
trees were brought into California during 
the eighteenth century, and several horticul¬ 
tural varieties have been developed there. 
Varieties of the species found in Manchuria 
and Russia have recently attained impor¬ 
tance for the breeding of later-blooming, 
luidier strains. Fruiting, culture, and care 
of the apricot are essentially the same as 
for the peach. Apricots are moderately 
hardy, but are cultivated only in warmer 
climates because of early bloom susceptible 
t0 frost - Calilorn ia is the leading p rndnrin^ 
state in the Unitedly supply^T^ 

than 90 per cent of the nation’s annual total 
production of some 2 or 3 hundred thou¬ 
sand tons of fruit, more of which is con¬ 
sumed in either canned or dried form than 
is consumed fresh. 
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An apricot orchard. (Courtesy Chicago Natural History Museum.) 


Barbfrrv, Berberis vulgaris, Berberida- 
ccae. This and other species of the genus 
have at times been cultivated for fruit used 
to make jellies and preserves. This species 
is objectionable as the alternate host for 
wheat rust. 

Blueberry (Including Some Huckle¬ 
berries), Vaccinium spp., Ericaceae. V. 
angusti folium, lowbush; V. canadense, 
Canada or velvet-leaf; I', pallidum, dryland; 
V. ashei, rabbiteye; V. membranaceum, 
mountain; V. ovatum, evergreen; and V. 
australe and V. corymbosum, highbush 
blueberries, are the chief species utilized. 
These range from diploid to hexaploid 
forms. Many, such as V. angustifolium, V. 
canadense, and V. ashei, are utilized almost 
entirely from the wild, and in New England 
the wild blueberry crop may exceed that of 
all brambles, even approaching the straw¬ 
berry harvest. Under good conditions and 
with proper equipment a picker can gather 
25 bushels of fruit a day from wild stands. 
Commercial blueberry growing is largely on 
higher, acid-soil plateaus of New England, 
New Jersey, North Carolina, Michigan, 


Washington, and Oregon, especially with 
highbush species.*Propagation may be by 
seed (often taken 'directly from the wild 
and sown after stratification, a process that 
gives a mixture of unselected progeny) or 
by rhizome (lowbush types: Florida), or by 
stem cuttings (especially with selected clones 
of highbush types). Highbush blueberries 
are cultivated and often mulched; in the 
lowbush rhizomatous stands, weed control 
is practiced by burning over the fields ap¬ 
proximately every three years. Picking is 
by hand, usually with special scoops, and 
is the highest individual cost item in blue¬ 
berry production. The fruits are less perish¬ 
able than the bramble fruits or strawberries 
but must still be handled with care. The 
blueberry industry is comparatively new, 
the first domesticated variety having been 

introduced only in 1908. 

Buffaloberry, Shepherdia argentea, 
Eleagnaceae. 1 he fruit of this frequent 
shrub of the plains region and westward is 
us£cU«*wa1y to make jellies. 
^Cmptecr^runus spp., Rosaceae. The dip 
loid sweet cherry, P. a/nurn, and the tetra- 
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ploid sour cherry, P. cerasus, are believed to 
be native to the Asia Minor area, and were 
mentioned in the writings of the ancients. 
Duke cherries, hybrid types from a cross 
between these species (but tetraploid. from 
an unreduced egg nucleus), give a somewhat 
more sour "sweet cherry." Wild P. avium, 
the mazzard cherry, serves as propagative 
grafting stock for horticultural varieties, 
as does also the generally less satisfactory 
Eurasian P. mahaleb and occasionally other 
species. The sour cherry is one of the most 
widely distributed tree fruits, having few 
prejudices regarding soil and climate. Sweet 
cherries are less hardy, and prefer peach 
rather than apple climates. Orchard prac¬ 
tices for both types are much like those 
described for apples. Like the peach, apri¬ 
cot, and plum, the cherry fruit is a drupe. 
It must be picked by hand. If care is taken 
in harvest it keeps moderately well. 

World production of cherries approaches 
a million tons annually, mostly from Eu¬ 
rope. United States production is usually 
about 200 thousand tons, almost equally 
divided between sour and sweet types. Sweet 
cherries are produced mostly in the Pacific 
states, sour cherries especially in Michigan 
and New York. Sweet cherry consumption 
is about equally divided between the fresh 
and processed products; sour cherries are 
largely canned and frozen. 

Crabapple, Pyrus (Maius) spp., Rosaceae. 
There are a great many cultivated or semi- 
cultivated species of crabapple. including 
those native to the United States (P. coro- 
naria, P. ioensis, etc.) and many others that 
have been introduced (P. baccata, etc.). 
Crabapples are prized mostly as ornamen¬ 
tals, but the small, apple-like fruit does 
make a superb jelly. Growth habits and 

culture of "crabs” are the same as for the 
apple. 

Cranberry, Vaccinium macrocarpon, Eri¬ 
caceae. This creeping, vine-like relative of 
the blueberry is cultivated in low, acid 



The sour cherry, Prunus cerasus. (Courtesy Chicago 
Natural Historv Museum.) 


bogs, especially in the Cape Cod area. Wild 
and cultivated stands give considerable 
production also in Wisconsin. Michigan, 
and the Pacific Northwest. Erect flowering 
branches bear small oval leaves and round 
berries that turn red towards autumn. The 
latter are gathered by hand in specially 
designed, toothed cranberry scoops by a 
combing action. In Wisconsin, water- 
raking is sometimes practiced: the fields 
are flooded, and as the berries float at the 
surface they are rapidly raked free from 
the vines, with little injury to the latter. 
The berries are extremely tart, and are 
only popular when cooked with sugar to 
become cranberry sauce or jelly. Cranberry 
plants are propagated by cuttings set out 
by hand. Construction of a cranberry bog 
is time-consuming and expensive, but once 
started a bog should yield for half a cen¬ 
tury. A mycorrhizal association seems essen¬ 
tial for successful growing. The cranberry, 
is almost exclusively an American product, 
first cultivated in New England in the early 
nineteenth century. It remains today the 
leading export crop of Massachusetts, where 
more than half of the world's annual pro¬ 
duction of 40 thousand tons is grown. A 

European cranberry, V . o.vycocm, is also 
grown. 

Currants, Ribes sativum, R. nigrum, R 
rubrum, and other species, Saxifragaceae. 
Currants, along with gooseberries, are re- 
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Currants, Ribcs .</>. (Courtesy Chicago Natural His¬ 
tory Museum.) 


"aided by potnologists as "bush fruits.” 
They are cool climate plants, hardy far 
north in temperate regions but not adapt¬ 
able to the southern regions. Currants are 
generally propagated by winter stem cut¬ 
tings, planted in autumn in permanent 
locations and in succeeding years pruned 
free of old wood (three-year canes). The 
fruits, true berries, are borne on spurs 
near the base of second-year wood. Currants 
are of rather minor importance in North 
America but do find moderate use in jellies 
and occasionally dried as a seasoning. They 
are also delicious served fresh with sugar 
and cream. The species listed are indigenous 
to Europe, where they are quite popular. 
R. nigrum has been discouraged in the 
United States because it is the alternate host 
for the white pine blister rust. Currants are 
modestly grown commercially, mostly in 
New York state. Native species furnish 
fruit from the wild over all the northern 
half of the country. 

Elderberry, Sambucus canadensis, Capri- 
foliaccae. This pithy, compound leaved 
North American shrub occurs wild over 
the eastern half of the United States, and 


varieties are planted as well for ornamental 
and pomological purposes. The small fruits, 
borne in large cymes, are locally collected, 
especially for the making of wines. 

Gooseberry, Ribcs ( Grossularia) hirtel- 
lum and R. grossularia, Saxifragaceac. This 
bush fruit, like its relative the currant, is 
restricted to cool, moist climates. In the 
United States it is grown commercially 
only in Oregon, although varieties and 
other species are not uncommon in home 
gardens and shrub beds in many states. 
R. grossularia has been in cultivation in 
Europe at least since the early Middle 
Ages; there gooseberries find more favor 
than in North America. The American R. 
hirtellum has been developed as a cul¬ 
tivated plant mostly since the turn of the 
century, and has perhaps been instrumental 
in formation of better varieties through 
hybridization with R. grossularia. As with 
currants, gooseberries may serve as alter¬ 
nate hosts for white pine blister rust. Prop¬ 
agation, planting, tillage, harvest, and use 
are about the same as for currants. 

Hawthorn, Crataegus spp., Rosaceae, 
This large genus of confusing species yields 
a crabapple-like fruit more consumed by 
wildlife than by man. Burbank introduced 
a variety useful for jellies. 

California Holly, Photinia arbutifolia, 
Rosaceae. The small, red, berrylike fruit of 
this evergreen shrub is reported relished 
by die American Indians. Today it serves 
more as Christmas decoration in California 
than as food. 

Huckleberry or Danglebf.rry, Gaylus- 
sacia spp., Ericaceae. Although some species 
of Vaccinium (blueberry) are termed huckle¬ 
berry, the name usually refers to this related 
genus of a similar nature whose boney- 
seeded fruit is similarly utilized. 

Juneberry or Serviceberry, Amelanchicr 
spp., Rosaceae. As with hawthorn, species 
of Amelanchicr yield a small fruit mostly 
of value to wildlife, but sometimes col- 
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lected bv man from the wild or cultivated 
in the home garden. 

Medlar, Mespilus gcrmanica, Rosaceae. 
This small tree or shrub, similar to the 
hawthorn and cultivated in Europe, yields 
brownish fruits that are consumed after 
frost or made into preserves. 
v/Mulberry, Morus spp., Moraceae. Va¬ 
rious species of this worldwide genus are 
cultivated for their multiple fruit, although 
in the United States the trees serve chiefly to 
provide food for wildlife. In Europe and 
southern South America mulberries are 
highly esteemed as a table "berry," and also 
are made into wine and feed. 

Nectarine, Primus persirn var. nectarina, 
Rosaceae. The nectarine is merely a fuzz- 
less type of peach, with perhaps a slightly 
richer flavor. The tree is identical with the 
peach, and its culture and care are the 
same. Nectarines are little grown outside 
of the Pacific Coast area, where the two 
botanical forms (clingstone and freestone 
types) and several horticultural varieties 
are cultivated. 



Fruiting branch of the North American pawpaw, 
Asimina triloba. (Courtesy Chicago Natural History 
Museum.) 1 


Pawpaw, Asimina triloba, Annonaceae. 
This small tree of shaded, lowland woods 
in the eastern United States produces the 
delectable, cucumber-shaped, soft, pulpy 
fruit unfortunately known but to few. No 
effort has been made to select and cultivate 
the species for superior fruit types, and 
pawpaws remain an occasional rich but 
varialile delicacy of the eastern woods. 
'“'I^each, Prunus persica, in several vari¬ 
eties, Rosaceae. The peach appears to have 
originated in China, where it was mentioned 
in literature several centuries before Christ. 
It was introduced into Persia before Chris¬ 
tian times, and was spread by the Romans 
throughout Europe. Many horticultural va¬ 
rieties were developed there, some of which 
were introduced by the Spanish into Florida 
and spread throughout the United States 
by the Indians during the 1600s. The peach 
had been naturalized as far north as Penn¬ 


sylvania by die time the English colonists 
landed in Virginia. Commercial peach 
growing was not undertaken in North 
America until the nineteenth century. Some 
types were then introduced from China, 

and varieties as well known as the Elberta 
developed. 

The peach tree is similar in general ap¬ 
pearance to the apple, but has longer, 
tapered leaves. The pink flowers appear 
before the leaves, and develop into the 
drupaceous fruit characteristic of the Pru- 
noideae, quite different from the apple and 
other Porno,deae types. Compared to the 
apple, the peac h is not 
States u can be grownwell only fa“the 

•on is typically by peach-on-peach (stocks 

alZ It n- C3nnery P hs > 01 Peach-on- 
almond budding of named varieties. Culti¬ 
vation, fertilization, pruning, and thinning 
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The pear, Pyrus communis. (Courtesy Chicago Nat¬ 
ural History Museum.) 


are about the same as lor apples. Most va¬ 
rieties are self-fertile. Peaches are attacked 
by several diseases and insects, and in most 
localities need specific spray schedules. 
Against the yellows and other virus dis¬ 
eases there is no control save cutting and 
burning the infected trees. 

/ Varieties of peaches are broadly grouped 
as freestone or clingstone, depending upon 
whether the flesh of the drupe separates 
readily from the pit. Some of the favorite 
named varieties (all freestone), are Hale- 
haven, Valiant, Belle, Oriole, and of course 
the famous Elberta. Production in the 
United States averages better than 80 mil¬ 
lion bushels (about 2 million tons) annually, 
mostly from California but also in sig¬ 
nificant amounts from the South Atlantic 
states. More than half of the crop is con¬ 
sumed fresh, the remainder mostly canned, 
with a few million bushels being dried or 
frozen. The peach is also much cu ltivate d 
h7 southern Europe, South Africa, Japan, 
and Australia. 

^Pk ARi P yrus communis (in a number of 
varieties) amTaTewmKer species, liosaccae. 
The common pear, P. communis, embraces 


many cultivated strains and hybrids with 
other species. Ind igenous t o western Asia, 
it has long been cultivated there and in 
Europe, where it is represented by a num¬ 
ber of naturalized as well as cultivated 
forms. Extensive selection of horticultural 
varieties was made in northern Europe in 
the eighteenth and nineteenth centuries, 
and almost all of the successful varieties in 
the United States today (such as Bartlett 
and Seckel) were brought directly from Eu¬ 
rope. The inferior-fruited Chinese sand 
pear, P. serotina, has been utilized in the 
United States for crossing with the Eu¬ 
ropean pear, to give (presumably) such 
varieties as Kieffer, LeConte, Garber, 
Douglas, and Pineapple. Other exotic spe¬ 
cies have been utilized as stocks, as has 
also the quince ( Cydonia ). 

The pear tree, a close relative of the 
apple, is very similar to the latter in gen¬ 
eral appearance, although the fruit is read¬ 
ily distinguishable in shape and texture. 

A di stinctive^ feature of the pear is _tlie 

grit nrth 7flesh~due to thTpresen ce^oTstone 
ce'lTcIustersj The care andculture of the 
pear are about the same as for the apple, 
but the pear is l ess toleran t of either, ex- 
treme heat or col d than ii . the apple. Fertile 
soils and good stock for the budded or 
grafted variety are essential to prolific bear¬ 
ing of quality fruit. Pears, even more than 
apples, are likely to be self-sterile in certain 
varieties, so that it pays to plant more than 
one variety in the orchard. The fruit is far 
more perishable than that of the apple, 
being more like the peach in this respect. 
Great care must be taken in picking and 
shipping pears not to bruise them unduly. 

Pear production in the United States 
averages better than 30 million bushels 
(three-quarters of a million tons) annually, 
mostly from Pacific Coast states; the Baitlett 
pear makes up most of this crop. European 
production is more than double United 
States production, laygely, from G erman y, 
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F rance, and Switzerland , japan, Turkey , 
Argentina, and Austra lia produce annually 
a few million bushels each, with total world 
production in 1950 about 165 million 
bushels. In Europe a good portion of the 
yield is crushed to cider for the wine in¬ 
dustry. In the United States pears are pri¬ 
marily consumed as fresh fruit, although 
nearly as many are canned and some are 
driedj. 

Persimmon, Diospyros spp., Ebenaceae. 
To a limited extent the Oriental persim¬ 
mons of eastern Asia, D. kaki and D. lotus, 
are cultivated commercially in California, 
but the persimmon best known to millions 
of North Americans is the wild D. vir- 
giniana omnipresent in the hardwood for¬ 
ests from Texas to New Jersey. No efforts 
at selection and cultivation of better fruit 
types of this native persimmon have been 
made, although such attention would cer¬ 
tainly seem merited. The native persimmon 
thus remains a highly perishable delicacy 
of the autumn woods, sought in season by 
man and wildlife alike. The fruit, a true 
berry, has an indescribable aromatic flavor 
superior to that of the Oriental species, 
but an extreme astringency when eaten 
unripe. It is mistakenly supposed by many 
.that ripeness develops only after a frost, 
but actually the finest persimmons are 
usually those that ripen early, long before 
frosL 

'‘Plum, Prunus domestica and other spe¬ 
cies, flosargggr-The va r i ous types of plums 
include species from many parts of the 
world and hybrids from these species. The 
common European plum, P. domestica 
(Bradshaw, Reine, Claude, and other Green¬ 
gage types; various prune plums; and oth¬ 
ers) has been thought to have originated 
as a natural hybrid between P. cerasifera 
and P. spinosa in the Asia Minor area 
about the time of Christ. At least plums 
were not known in Italy much before the 
Christian era. The small-fruited Damson 



Native persimmon tree in fruit. (Courtesy Chicago 
Natural History Museum.) 


Mirabelle, or Butlace plums (var. insititia) 
of the same region are probably of like 
antiquity, p. salichia, the Japanese plum 
(Abundance, Beauty, Burbank, Formosa) 
originated in the Orient and was introduced 
into the United States by Burbank in 1870. 
Several American species (p . nigra, P. 
americana, P. hortulana, P. munsoniana, 
and others) were doubtless known to the 
Indians, and have yielded in recent cen¬ 
turies a number of horticultural varieties 
(DeSota, Hawkeye, Downing, Miner, Che¬ 
ney, and so on). 

With such a variety of ancestry, it is 
no wonder that strains of plums can be 
found for almost any soil and site. The 
culture and care of the plum, planted any¬ 
where in die country, are about the same 
as for the peach. Often more than a single 
variety must be planted, since, as with 
pears, many varieties are self-sterile. Per- 
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A (ray of miscellaneous tropical fruits showing: 
pineapple; mangostcen: mango, var. Haden; West 
Indian lime; Eugenia malactcnsis; governor's plum. 
Ilacouilia ramonlclii; kumquals; ball and sucet 
peppers; grapefruit (on plate). (Courtesy Paul H. 
Allen.) 

haps more than any other temperate fruit 
tree, plums are largely proof against disease 
and insert troubles-at least of an uncon¬ 
trollable sort. Plum fruits, botanically 
drupes, are less perishable than pears or 
peaches, and with refrigeration may be 
stored for considerable periods. Plums are 
widely grown throughout the world, for 
table fruit, cooking, canning, jelly-making, 
and drying to prunes. The prune industry 
is cpiite important on the Pacific Coast of 
the United States. Sweet, thoroughly ripe 
plums of the domestica type are dried in the 
sun or by artificial heat. They are aged or 
“sweated” a few weeks and then “glossed" 
with a steam, glycerine, or fruit juice bath 
to produce a sterile, glossy skin. Almost 100 
thousand tons of fresh plums are produced 
in the United States annually, and nearly 
700 thousand tons of prunes. Production is 
chiefly in California. 

t y^ju iNC.K, Cydonia obloiiga, Rosnc eoe. T his 
Asiatic species is grown mtempPrate cli¬ 
mates primarily lor a preserving fruit and 
as dwarfing stock on which to bud or graft 
pears. It is a small, unarmed, crooked tree 
bearing solitary flowers at the ends of new 
shoots that mature fuzzy, pear-shaped fruits 


quite astringent to the taste. The quince is 
about like the peach in degree of hardiness, 
and is cultured in the same way as its 
relative the apple. It is very susceptible to 
fire blight and fruit moth damage. Com¬ 
mercial growing in the United States is 
confined almost entirely to California and 
New York. Crossed with Pyrus, the quince 
has yielded the “genus” Pyronia. 

Sourgum, Nyssa sylvatica, Cornaceae. 
This common forest tree of the eastern 
United States bears small, black, acidulous, 
drupaceous fruits sometimes used for pre¬ 
serves. 

Tropical Fruits 

The diversity of tropical fruits seems to 
reflect the diversity of tropical vegetation in 
general. Scores of fruits from a wide assort¬ 
ment of families are at least modestly known 
and utilized in the tropics, and hundreds 
more are potentially available for use al¬ 
though still coming from jungle plants 
seldom planted by man. With three excep¬ 
tions—the banana, citrus fruits, and the 
pineapple-tropical fruits are not as a rule 
so widely or so scientifically cultivated and 
marketed as are the familiar temperate 
fruits discussed in the preceding section. 
Some, such as the avocado, guava, annona- 
ceous fruits, papaya, mango, and mangos- 
teen, are today becoming better known. 
With the advent of rapid air shipment, they 
may one day become as familiar items in the 
larger temperate zone fruit markets as 
bananas and coconuts. Others, such as the 
tamarind, sapodilla, loquat, breadfruit, 
jackfruit, and durian, have widespread but 
modest use in the tropics, and many more 
are utilized only where they grow. Tremen¬ 
dous opportunity exists in the nearly virgin 
field of improvement, propagation, intro¬ 
duction, and marketing of lesser-known 
tropical fruits, and only in recent years has 
scientific attention been directed to these 
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ends. Forward-looking developments in the 
Western Hemisphere arc the Escucla Agri¬ 
cola I’anamericana in Honduras sponsored 
by the United Fruit Company and the 
Instituto Intel americano de Ciencias Agri¬ 
colas in Costa Rica sponsored by member 
nations. 

In this section major attention will be 
given to the important banana, citrus fruits, 
and pineapple. An alphabetical listing of 
other tropical fruits will follow, with brief 
comment concerning those of greater im¬ 
portance or interest. 

Xf'lianarui, especially Musa paradisiaca 
in several varieties, Musaccae. The banana 
genus, Musa, has been mentioned in an 
earlier chapter as the source of abaca fiber 
(M. textilis). It is more famous, however, for 
species that produce edible fruits, among 
the foremost of tropical foods. Some twenty- 
seven species and subspecies of Musa are 
said to yield edible bananas (as well as a 
fiber of sorts from the leaves), of which 
Cavendish, M. nana (= M. cavendishii), is a 
hardy species native to China, bearing small, 
dry fruit, most common in this hemisphere 
in Brazil and the Guianas; the plantain, 
M. paradisiaca, native to India, beare 
starchy, green-skinned fruit that is an im¬ 
portant staple in the tropics, commonly 
eaten baked, boiled, or fried; the small, 
thin-skinned “lady finger," M. paradisiaca 
sapientum champa, is frequent as a Carib¬ 
bean delicacy but not imported into the 
United States because of its perishable 
nature; the lady finger s counterpart, claret, 
M. paradisiaca sapientum rubra, is a red- 
fruited race; the apple banana, M. paradi- 
siaca sapientum cubensis, bears smaller and 
plumper fruit than does the Gros Michel, 
with an acidulous flavor; and the Gros 
Michel, M. paradisiaca sapientum, was ap¬ 
parently originated in 1836 by Jean Pouyat 
from Old World stock, to become the stand¬ 
ard banana of commerce, accounting for 99 



Bananas growing on United Fruit Co. property. 
Palma Sur. Costa Rica. (Courtesy Paul H. Allen.) 


per cent of the imports to temperate North 
America. 

The banana is probably native to tropical 
Asia, where it has long been domesticated. 
Alexander die Great encountered it there 
on his expedition to India. The humid 
Asiatic tropics from India to Cambodia, and 
the East Indies, still frequently yield “wild” 
(escaped?) seedless bananas. Polynesians 
evidently spread the banana through most 
of the Pacific, as did the Arabian merchants 
aeross the Dark Continent to western 
Africa, where the name “banana” origi¬ 
nated. Far-ranging Portuguese and Spanish 
colonizers completed the establishment of 
the banana throughout the warm regions 
of the globe. Yet as late as 1880 the banana 
was little known in the United States, for 
at that date fast, refrigerated ships were not 
yet bringing perishable tropical fruits to 
the Temperate Zone. 

The banana plant is a tall, coarse herb- 
Perhaps the largest of the herbs-rising as 
much as 30 ft. from a fleshy rhizome. The 
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Aerial view of banana plantations. Puerto Cortes, Costa Rica. (Courtesy Paul 

H. Allen.) 


ensheathing bases of the petioles form the 
“stem” of the banana “ttee.” The gigantic 
leaves, 8 to 12 ft. long, normally fray in the 
wind along the parallel secondary veins and 
present cpiite a ragged appearance. Each 
“stem" hears in 8 to 14 months a terminal, 
pendulous inflorescence,* and after fruiting 
dies. Flowers are covered in the inflores¬ 
cence by large, purplish bracts. The stami- 
nate flowers are borne towards the tip, and 
in the common banana are sterile. The 
pistils develop unfertilized into the charac¬ 
teristic fruit (botanically a berry), lacking 
seeds. The plants thus depend almost en¬ 
tirely on man for propagation, achieved by 
separation ol the rhizomes or suckers. The 
fruits develop from the basal (upper) 
flowers, in the familiar “hands" or clusters, 
usually hung upside down at the grocery 


fruit counter. Six to fourteen hands, each 
containing twelve to twenty "fingers” of 
bananas, are the usual yield from one plant. 

Banana harvests may average 9 or 10 
tons per acre annually. For maximum effi¬ 
ciency in production, the fruit must be cut 
frequently through the year. Being perish¬ 
able, bananas cannot he stored to suit the 
convenience of the purchaser, nor can they 
be mechanically harvested and handled to 
any great extent. To a rising banana in¬ 
dustry this meant and means today the 
necessity for large, centralized acreages with 
efficient communication and dovetailing 
operation, plentiful and preferably cheap 
labor, rapid transportation, and a steady 
market. 

C. M. Wilson f describes in most readable 
fashion the many difficulties attendant upon 


• The inflorescence arises from the rhizome, pushing up the center of the sheathing leaf stalks, 
t Umpire in Green and Gold (New S oik: Henry Holt, 1947). 
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selection of sites and establishment of a 
banana empire in the tropics. Physical, 
geographical, financial, and political con¬ 
siderations all play a part. Once an area has 
been settled and preliminary facilities de¬ 
veloped, the process of clearing the jungle 
starts. Crews with machete and axe fell the 
forest, and decay consumes the wood; drain¬ 
age ditches are dug and transportation and 
communication established; planting holes 
are dug by hand about 20 ft. apart, and 
rhizome sections from old banana clumps, 
each with one or more “eves," planted. 
There follows weeding by hand, elimination 
of the weaker shoots in the clumps, and 
possibly spraying or fertilization in areas 
where needed. Some banana diseases have 
never been conquered. The “Panama 
disease,” for example, has eliminated much 
of the banana industry on the east shores 
of Central America.* 

When ripening time approaches (bananas 
are always cut green, to avoid spoilage be¬ 
fore reaching market), workers enter the 
plantings in threes. A “cutter" with a pole 
knife lops the plant top, settling the in¬ 
florescence on the shoulder of the "backer," 
whereupon the cutter severs the bunch from 
the plant with a quick machete stroke. The 
backer takes the bunch to the “mule man ” 
who loads several bunches on his pack 
animals and takes them to the nearest of 
the rail lines, which ramify everywhere 
through the plantation. Miniature trains 
haul the bananas to portside, where laborers . 
carefully deposit each bunch on a canvas 
conveyer that carries it to the ship’s air- 
condittoned, ventilated hold. The bananas 
move to Temperate Zone ports, kept con¬ 
stantly at a temperature of 57°, and are 
unloaded there on similar conveyor belts. 



Chaco indians loading bananas on a coastal boat. 
Yaviza, Darien. Panama. (Courtesy Paul H. Allen.) 


In the tropics bananas are more than a 
dessert or between-meal fruit. Rather, they 
afford nutrition of primary importance. In 
addition to being eaten raw, bananas are 
consumed boiled, fried, or baked, served as 
a “vegetable” or potato substitute. Dried 
green bananas are sometimes ground into 
flour, which is used for making gruels and 
soups or for incorporation in bread. Sun- 
dried (or, during World War II, dehy¬ 
drated) bananas serve as “banana figs." 
Reject bananas are commonly utilized as 
stock feed. When bananas are green they 
consist largely of starch. This starch hydro- 
lues to fruit sugars as ripening proceeds. 
Various minerals and vitamins are also con¬ 
tained. About three-fourths of the world 
production of bananas comes today from 
the American tropics. Total American pro¬ 
duction averages nearly 150 million bunches 
(o million tons) annually, mostly from 
Brazil, Mexico, Honduras, and Jamaica. 


- a™*™ a 

wild species to yield a teiraploid seedling. It is hoped that h "‘I* 1 ha P loid pollen of diploi 
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Coastal boat receiving bananas from local producer at El Real, Rio Tuira, Darien, 

Panama. (Courtesy Paul H. Allen.) 


2. Citrus fruits, Citrus s />/>.. Rutaceae. 
The citrus fruits are many; some of them 
have been mentioned in earlier chapters as 
sources of essential oils. Most familiar are 
oranges, C. sinensis; lemons, C. limon; limes, 
C. aurantifolia; mandarin oranges or tange¬ 
rines, C. reticulata; and grapefruits (pome¬ 
los), C. paradisi; citrons, C. medica; pum- 
melos, C. grandis; and sour oranges, C. 
aurantium —to say nothing of scores of 
lesser-known fruits of related genera (viz., 
kumquats, Fortunella) that frequently enter 
into commerce as well. The vast majority of 
species, of both Citrus and related genera, 
wild and domesticated, are native to south¬ 
eastern Asia. There the finer Citrus types 
were selected by primitive man, and there 
innumerable interspecific and intergeneric 
hybridizations undoubtedly took place. 


The group of species embracing the com¬ 
monly cultivated citrus fruits consists of 
small trees with mvcorrhizal roots, often 
bearing single sp ines i n the axils of the 
younger leaves. Leaves are unifoliolate, 
glandular-punctuate, aromatic, with a prom¬ 
inently winged petiole. Flowers are axillary, 
solitary, or in short racemes, usually per¬ 
fect, fragrant, and provided with a disc. 
They mature into the familiar hesperidium 
(orange-type fruit), filled with watery pulp 
vesicles, the rind containing numerous oil 
glands. Juice from citrus fruits is rich in 
vitamin C, various fruit acids (citric acid, 
to a total of a few per cent), and “sweet 
fruit sugar (10 per cent or more). 

The attractiveness and utility of citrus 
species caused them to be mentioned in the 
accounts of travelers of the earliest ages. 
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Curiously enough, only the citron from 
among the well-known Oriental selections 
was introduced into the Mediterranean 
area before Christian times—to be followed 
centuries later by the sour orange, lemon, 
lime, and sweet orange. After the decline of 
the Roman civilization, the diffusion of the 
"new” citrus fruits—sour orange, lemon, 
and lime-through the Mediterranean area 
was largely carried out by the Arabic em¬ 
pire of the Middle Ages. Later the Crusades 
extended the knowledge and culture of the 
citrus in Europe, and finally the Portuguese 
and Spanish explorers introduced Citrus 
into the New World. About the time of 
Portuguese and Spanish domination of the 
seas the sweet orange first reached Europe. 
Possibly it came from India in a ship of the 
early Portuguese vdyagersTpossibly over¬ 
land by the caravan routes, as the citron had 
come centuries before. The pummelo had 
reached Europe during the era of Moham¬ 
medan hegemony, as had the more impor¬ 
tant fruits mentioned above, but it was 
probably introduced into Barbados and 
Jamaica directly from the East by the 
English Captain Shaddock, whose name it 


often bears. There it is thought to havi 
given rise to the modern grapefruit. 

From the West Indies the orange ant 
other citrus fruits soon spread to continenta 
America. In the United States they wen 
known in Florida before 1565, and onh 
slightly later in Georgia and South Carolina 
By the eighteenth century there were man) 
“wild” orange groves (mostly of the soui 
type, but some of the sweet) in Florida; these 
presumably originated from seed spread and 
dropped by the Indians. After Florida was 
ceded to the United States in 1821, orange 
growing was greatly stimulated, and almost 
all the wild groves were top-worked with 
buds of superior strains before the turn of 
the century. Late in the 1800's grapefruit 
growing was started in Florida, the focal 



Mechanical banana washer, Palmar Sur, Costa Rica. 
(Courtesy Paul H. Allen.) 


point for development of the then new 
grapefruit industry. 

Citrus was introduced into California 
during the eighteenth century, by way of 
the Spanish missions. The first sizable 
orange grove was set out in 1804, but only 
with the great influx of gold-rush 49'ers 
was any considerable demand for the fruit 
cieated. In 1871 the famed navel orange, 
introduced from Baia, Brazil, gave another 
lift to the youthful citrus industry in Cali¬ 
fornia, and with the advent of transconti¬ 
nental shipment toward the close of the 
nineteenth century, orange growing became 
firmly established as one of the state's most 
important industries. Today the United 
States produces 200 million boxes of citrus 
fruits, sufficient, if piled one upon another, 

to reach one-third of the distance to the 
moon. 


establishment and care of citrus grove 
involve many of the problems inheient it 
any orchard management. There is buddim 
of selected varieties to be done-usually or 
sourm-ange stock started from seed. Plant 
mg atIBout 25 ft. spacing, cover cropping 
green manuring, spraying against insects 
and disease, irrigation at the proper season- 
all are ordinarily essential. At one time me 
fruit fly seriously threatened die industry in 
Flonda, and recently virus-like diseases 
threatened California production. Citrus 
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Pectin in Form 
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Orange and lemon sectioned, showing the various parts from which citrus 
products are obtained. (Courtesy Ft—_‘frrrfif'r r ) 


growers must also guard againsi host. An 
ever present threat to production and profit 
is the occasional freezing weather experi¬ 
enced in California and Florida. In 1894-95 
the great freeze in Florida destroyed nearly 
the whole crop of fruit and reduced old 
orchards to mere root sprouts. It took them 
fifteen years to recover, by which time 
California had assumed production leader¬ 
ship. In 1950-51 many orchards in Texas 
were similarly hit. Because of the danger of 
frost, smudge pots and ventilation fans are 
kept ever ready in the citrus groves. 

[ Oranges and grapefruits are usually 
allowe d to ripen or near ly r ipen on the 
tree. Lemonsjtnd Julies are picked green. 
Many oranges on the market are artificially 
colored, or are treated with gas or chemicals 
io destroy the green chlorophyll and there¬ 
by allow other pigments to show. Fruit is 
gathere d by hand, providing seasonal em¬ 


ployment lor unskilled labor. One of the 
social ills of California stems from the lack 
of steady employment for migratory agricul¬ 
tural workers. 

( The primary use of citrus fruits is for 
fresh consumption, but there is an ever 
increasing demand for Juices and for prod¬ 
ucts of the juici ng industry. Citrus juice 
is obtained commercially either by burring 
or by pressi ng cut halves of the fruit. Juice 
obtained by the former method contains 
little of the rind oils and need not be centri¬ 
fuged. as must that produced by the latter 
method, to remove the essential oils. Mod¬ 
ern patented processes prevent flocculation 
(ol pectins present) causing sedimentation 
in canned or preserved juices. Concentrates 
of juice fo r bev erage flavoring are made by 
boili ng ju ice in vacuum pans; a few mil¬ 
lion gallons are produced annually. Citric 
acid is extracted from lemon juice, by fer- 
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The citron. Citrus medico. (Courtesy Chicago Nat¬ 
ural History Museum.) 

mentation and chemical (calcium hydrox¬ 
ide) precipitation. Thousands of tons of 
citric acid are used annually in the United 
States for flavoring and pharmaceuticals. 
Mention has been made in previous chapters 
of commercial extraction of pectic coin- 
pounds and esse ntial_o ils from citrusj;inds. 
Seeds yield anjjil used chemurgically, a 
meal, and hulls used in fertilizers. 

A few words concerning each of the 
chief Citrus species follows: 

'fUtron —China and India southward; cul¬ 
tivated especially in Italy; introduced to Medi¬ 
terranean area about 300 b.c. probably by 
Alexander the Great: fruit oblong, large, fra¬ 
grant. yellow, with a very thick rind that is 
frequently candied; species more sensitive to 
cold than other commercial citrus fruits; “sweet” 
and "acid" varietal groupings. 

Grapefruit —Apparently originated in the West 
Indies, where it was first known about 1700; 
possibly a hybrid or sport of the closely related 
pummelo: fruits large, subglobose, yellowish; 
has recently found great favor in the United 


Fruiting branch of grapefruit. (Courtesy Chicago 
Natural History Museum.) 

States and dominates the citrus trade in Texas 
and Arizona; used especially for juice and for 
fresh fruit consumption; hybridizes readily; 
known in "pink” and "pallid" pulp varietal 
groupings. 

'Vernon—Southeastern Asia; introduced to the 
Mediterranean region about 1000 a.d. by the 
Arabs; fruit oval, with broad apical papilla, 
yellow: first used in the Western world me- 
dicinally, now also as flavor, garnish, and vita¬ 
min source; hybridizes with other species; known 
in several varietal groupings (Eureka, Lisbon, 
Sweet Lemon, and others). 

Lime— East Indies; fruit small, oval, greenish, 
with a small apical papilla; used as are lemons; 
hybridizes freely; one of the chief Florida and 
California varieties is triploid; little study of 
varieties has been made, but limes are gen¬ 
erally grouped as "acid*’ or “sweet.” 

Mandarin orange —Philippines and southeast¬ 
ern Asia; did not reach Europe and America 
until about 1800; fruits subglobose, with thin, 
loose peel, bright yellow to scarlet orange; 
hybridizes freely (viz., with grapefruit to yield 
tangelos, with orange to give tangors, and so 
on); especially prominent in Japan and grown 
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to a considerable extent on the Gulf Coast of 
the United States: known in King. Satsuma. 
Tangerine. Mandarin, and Mitis varietal group¬ 
ings.. 

^Orange -China and Indo-China. but so long 
domesticated that it is no longer known in 
the wild: not introduced to the Mediterranean 
region until about 1500 a.d.; fruits subglobosc. 
with a solid core at maturity; dominant in the 
citrus industry; used primarily for fresh fruit 
and for juice; hybridizes freely; known in “nor¬ 
mal, navel,’ and "blood" varietal groupings; 
the Bafa or Washington navel the chief winter 
orange in California, the Valencia providing 
summer harvest: Florida varieties generally 
thinner-skinned and less highly colored. 

Pummelo or shaddock —Southeastern Asia and 
East Indies; fruit very large, subglobosc, easily 
peeled; most consumed in the East, where the 
pulp is shelled out into dishes; doesn’t squirt 
like grapefruit; a possible ancestor of grape¬ 
fruit 

Sour orange, Seville orange, or bigarade- 
Southeastern Asia; widely cultivated; introduced 
to the Mediterranean region by Arabs about 
1000 A.D.; fruit hollow in maturity, subglobose, 
the thick peel a brilliant orange, pulp sharply 
aad; used medicinally, for flavoring (“ades’’ and 
curacao liqueur), for essential oil (bergamot or 


The navel orange, a gift from Brazil. (Courtesy 
Chicago Natural History Museum.) 

bigarade). and for preserves (especially mar- 
malade)—the flowers too for perfume (neroli); 
generally used as rootstock for lemons, etc.; 
known in many varieties (amara, bergamia. 
myrlifolia, etc.), hybrids, and horticultural 
forms. 

Tangerine-Deep orange or scarlet-fruited 
mandarin oranges —which see. 

Citrus fruit production in the United 
States today is an extremely important busi¬ 
ness, not only in California (where disease 
now poses a threat to the industry) and 
Florida, but also in Arizona, Texas, and to 
a lesser extent other Gulf States. More than 
100 million boxes (4 million tons) of oranges 
are produced annually; Florida and Cali¬ 
fornia each produce nearly half this amount. 
About 4 million boxes of tangerines are pro¬ 
duced annually, in Florida. The grapefruit 
total reaches some 60 million boxes (2.5 
million tons) annually, chiefly from Florida 
and Texas. Lemon production (California) 
totals about 13 million boxes. About 200 
thousand boxes of limes are produced, in 
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The pumclo. (Courtesy Chicago Natural History 

Museum.) 


Florida. Orange production in South Amer- 
ica (especially Brazil) is nearly one-half 
that of the United States; in Europe (espe¬ 
cially Spain and Italy), about one-third; in 
Asia (especially Japan), about one-fourth; 
in Africa (especially Egypt and South Afri¬ 
ca), about one-sixth. No other country 
approaches the United States in grapefruit 
production. Lemon production in Europe 
(especially Italy) equals or exceeds that of 
the United States, but is of minor conse¬ 
quence elsewhere. World citron production, 
chiefly from Italy, reaches only 20 thousand 
tons annually. 

3. Pineapple, ananas, pina, or abaeaxi. 

Ananas cotnosus (A. salivas), Bromeliaceae. 
The pineapple, unlike the banana and the 
citrus fruits, is a gift of the tropics of the 
Western Hemisphere—a gilt that now graces 
the table throughout the globe and con¬ 
stitutes a first-rank agricultural import of 
temperate regions. This phenomenal suc¬ 
cess is due not only to the pineapple's 


intrinsic merits but also to the intelligent 
attention devoted to making world markets 
available and improving pineapple varie¬ 
ties. The pineapple was apparently first 
domesticated from the wild by the Guarani 
Indians of what is now southern Brazil and 
Paraguay. There small-fruited, seed-bearing 
pineapples, the putative ancestral type, are 
still found. The peripatetic Guaranis spread 
the pineapple throughout lowland South 
America east of the Andes and up into the 
Isthmus before the arrival of Columbus; 
during the same period the Caribs further 
introduced it throughout the Caribbean. 

It was on the Caribbean island of Guade¬ 
loupe in 1193 that Columbus first received 
the pineapple in barter from the Indians. 
The merits of this strange fruit were quickly 
appreciated, and within a few short decades 
the pineapple had spread throughout the 
Spanish and Portuguese colonies. It was in 
India by 1548, and the East Indies soon 
after. Then a strange fate for a tropical 
fruit befell the pineapple. The fruit had be¬ 
come so highly esteemed as an occasional 
delicacy in Europe that the nobility of 
seventeenth and eighteenth century Eng¬ 
land and France set their gardeners and 
greenhouses to the task of supplying it. It is 
said that the selection and refinement of 
the pineapple carried on under glass in 
Europe improved the pineapple for man’s 
use perhaps fully as much as had the origi¬ 
nal Guarani selections from wild pineapples 
in South America. Improved English and 
French stock was soon sent round the 
world-back to the West Indies, to the 
Azores, Africa, India, Malaya, and Australia. 
As late as 189f> the parent plants destined to 
give rise to the important pineapple in- 
dustrv of Hawaii (which today accounts for 
about three-fourths of the world's com¬ 
mercial production) were imported from 
Australia, from stock improved in England. 
01 course additional varietal developments 
have since come into being in all regions 
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A field of pineapples in Hawaii; .wo-lincbed type of contour planting. (Cour- 

lesv Economic Rotanx.) 


where the pineapple is grown. Cayenne is 
the most cultivated variety (almost all 
Hawaiian production), although Red 
Spanish (tropical America) and Queen 
(Australia) find considerable favor. 


The pineapple is a coarse, rosette-form, 
terrestrial biennial in a family predomi¬ 
nantly composed of epiphytes. The long, 
st.ff leaves are usually spiny-margined, and 
contain inside the monocotyledonous fibro- 
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A pi» £:i|>|>li- plant with nearly n ialnre fruit, one 
slip to the right :it base of the fruit, and a sucker 
to the left. (Courtesy Economic Ilottmx.) 


vascular bundles characteristic of hard 
fibers (see Ananas fiber, |>. 175). An erect 
central stalk bears an oblong head of flowers 
which upon maturation produces the char¬ 
acteristic multiple fruit, the pineapple. In 
this the central axis, pedicels, and fruit fuse 
into one mass—sweet, juicy, of large si/e, and 
seedless in cultivated varieties. The fruit 
develops full flavor only when ripened, or 
nearly ripened, on the plant. It then con¬ 
tains up to 15 per cent sugar, a digestive 
en/vme (bromelin), and, of course, the 
characteristic fruit acids, vitamins, and 
minerals. Bromelin acts as a trypsin-like 
digestive of protein. Injury to the hands of 
pineapple cannery workers has been at¬ 
tributed to the bromelin in the fruit. Un¬ 
ripe fruits arc said to Ire mildly poisonous, 
and in the East serve as a purgative and 


abortilacient. 

Pineapple plants are notably easy to 
propagate. In the wild, of course, seeds serve 
as an eflective means, and in addition stem 
sections, basal suckers, "slips” arising from 


beneath the fruit, and the crown (top) of 
the fruit will root to produce a new plant, 


even after weeks of desiccation. In com¬ 
mercial growing, plantlets started from 


suckers bear in about one year a single 
large liuit. Slips are slower to become pro- 
eliteti\e. and (towns generally take two 
years to bear (crowns are ordinarily avail¬ 
able onl\ near canning factories). When the 
first fruit is cut, the plant branches to yield 
a second crop of two fruits. When these are 
cut. another dichotomy results, to yield four 

smaller fruits. These may serve for cut or 

# 

juice pineapple. After they are cut the plant 
is removed and new plantings made, to 
avoid progressively smaller fruit. A great 
deal of hand labor is involved in setting 
fields of pineapple, weeding, and harvesting 
the crop. Since the unionization of labor in 
Hawaii, the labor-saving practice of paper¬ 
mulching (or herbicide treatment) for weed 
control and other improvements (increased 
moisture, soil temperature control, nitrifica¬ 
tion) have been introduced. In planting, 
asphalt paper is simply unrolled and suckers 
planted through holes punched in it. Pine¬ 
apples can thrive on porous, sandy soils, but 
are quickly susceptible to deficiency diseases 
caused by excess of manganese or calcium. 
Hawaiian pineapples on less acid soils must 
be spraved with iron salts to prevent chloro¬ 
sis. Fruiting of pineapple plants is often 
initiated by use of phvto-hormones. 

The pineapple fruit is only moderately 
perishable. It can be held for a few days at 
room temperatures or for a month or more 
with refrigeration. Most of the production 
from the world's largest pineapple growing 
region, Hawaii, is canned or juiced on the 
Islands and subsequently marketed to 
answer the continuous demand in the 
Slates. The United States also imports mod¬ 
est quantities of fresh pineapples from 
Mexico, Central America, and the West 
Indies. Brazil has a sizable domestic pine¬ 
apple industry, as do South Africa, India, 
and other Oriental countries. Florida main¬ 
tains a minor pineapple industry, but 
generally the cost of labor has prevented 
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Harvcsling pineapple in Hawaii The conveyor bel, carrier ,he ln.it to a w 
box on the truck. (Courtesy Economic Botany.) ^ 


expansion in competition with imports. 
Some success has been had in drying (pre¬ 
serving in sugar or with chemicals) sections 
of pineapple for die confection trade. 
Africa, for example, sends limited quantities 
of dried pineapple to Europe. Frozen pine¬ 


apple is becoming known. By-products fron 
canneries include a cattle-feed bran fron 
fruit ‘'shells.” 

World production of pineapples amount: 
to more than half a million tons annually 
Hawaii alone exports to the United State: 
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Akcc, Blighia sapida. (Courtesy Paul H. Allen.) 


almost 200 thousand tons of canned pine¬ 
apple and nearly as much juice. 

4. Other tropical fruits of some re¬ 
nown. Abiu, Lucuma, or Caimito, Pouteria 
(Lucuma) caimito. Sapotaccae. This North 
Andean tree, cultivated elsewhere, bears 
ovoid, yellow, two- or three-seeded fruits 
containing milky juice until thoroughly 
ripe. It is used especially for “geladas” and 
“refrescos" (sherbets and “ades”). 

Akek, Blighia (Cupania) sapida. Sapinda- 
ceae. This West African tree has been in¬ 
troduced into tropical America. Each locule 
of its reddish trilocular capsule bears a 
black seed having a large, white, fleshy, 
edible aril that is usually consumed stewed 
or browned. 

Ambarella or Golden Apple, Spondias 
dulcis (S. cythcrea), Anacardiaceae. This 
Polynesian species, scatteringly cultivated 
in all tropical regions, bears fruit resem¬ 
bling a small mango but ol poorer flavor. It 
is eaten fresh, stewed, or in “refrescos.” 

Avocado, Aguacate, or Alligator Pear, 
Persea americana and other species, Lattra- 
ceae. The avocado is native to the tropical 



Branch of avocado with fruit. (Courtesy Paul H. 

Allen.) 


American lowlands, and has been intro¬ 
duced into the Mediterranean area and the 
Orient. It has been cultivated since time 
immemorial by the Indians of tropical 
America, and today remains a common and 
important lood plant from Mexico to south¬ 
ern Brazil. The greenish, one-seeded drupe 
is an especially rich source of digestible fats 
(up to 30 per cent of content) and proteins 
(about 2 per cent), in both of which the 
tropical diet is usually deficient. No wonder, 
then, that the avocado has assumed much 
importance in the tropics. Continuing 
efforts are being made, especially at the 
Escuela Agricola Panamericana in Hondu¬ 
ras, to develop and improve varieties, and 
predictions have been made that one day 
the avocado will overshadow citrus fruits 
in importance, even in the United States. It 
is becoming better known all the time, and 
deserves to be more widely used than as an 
occasional salad luxury. In the tropics it 
frequently constitutes a nutritious main 
course, and is also delicious eaten along 
with a clear soup, or in ice cream form. 
But though avocados are fairly cheap in 
tropical markets, their price in Temperate 
Zone markets precludes their general ac¬ 
ceptance. As better shipping (keeping) 
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satieties become general and mass ship¬ 
ments he rapid transport ate adopted, the 
avocado should become a iaitiili.it table item 
in the United States. 

Considerable attention has been given to 
the culture, care, and propagation ol the 
avocado, so that orcharding and budding 
iechni(|iies have been developed to nearly 
as fine a point as with Citrus. Many of the 
older, interior strains in Florida and Cali¬ 
fornia have been topworked with buds of 
choice horticultural varieties. The trees are 
evergreen, producing in autumn or spring 
terminal racemes ol small, apcialous flowers 
that mature the female and male parts at 
different times. Some strains bear fruit in 
as little as two years, and at maturity yield 
several hundred avocados per tree annually. 
The bearing season north of the equator is 
usually summer and autumn, although the 
California crop is marketed chiefly in win¬ 
ter and spring. Fruits are gathered by hand 
when fully ripe (green avocados have poor 
llavoi), the pedicel usually being severed 
with an orange dipper. Fruits are of dif¬ 
ferent shape and flavor according to the 
horticultural variety. Varieties hardiest to 
cold include Taylor. Lula, and Winter 
Mexican. Avocado production in the United 
■States averages about 20 thousand tons an¬ 
nually; a few thousand additional tons are 
imported. World production is many times 
this amount, but no statistics are available 
for the largely local consumption. 

Assai, Euterpe oleracea, Palmaceae. This 
lowland species of northern South America 
bears small, bluish fruits about the size of a 
cherry that are kneaded in water to give a 
mash commonly consumed with manioc. 

Bacupari, Rheedia brasiliemis and other 
species, Guttiferae. Wild trees of southern 
Brazil yield a yellowish subacid fruit with 
a leathery rind, used chiefly for making 
"doce" (dessert jam). 

Bacuri, Platonia insignis, Guttiferae. The 
bacuri is a northern South American tree 
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The bilimbi, Avcrrltoa bilimbi. (Courtesy Chicago 
Natural His ton Museum.) 


similar to the bacupari but yielding larger, 
orange-size fruits with an agreeably flavored 
pulp. They are used for "doces" and 
"refrescos." 

Bakhados Cherry, Malpighia punicifolia 
var. emurginala, Malpighiaceae. The small, 
thrce-lobed, acid fruits of this tropical 
American shrub are used for "doces" and 
"refrescos." 

Bilimbi, Averrhoa bilimbi, Oxalidaceae. 
T his widely cultivated Malayan tree is 
similar to the carambola and has similar 
uses. 

Borojoa, Dorojoa patinoi, Rubiaceae. 
The genipa-like fruit of this recently de¬ 
scribed Colombian genus is used for 
"refrescos." 

Breadiruit, Artocarpus altilis (A. com¬ 
munis; A. incisa), Moraceae. The breadfruit, 
native to the East Indies but spread through¬ 
out the tropical lowlands of the world is 
famed for the drama of its introduction 
from Tahiti to the West Indies. Probably 
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Developing breadfruits, Artocarfnis altilis. (Cour¬ 
tesy Paul H. Allen.) 


upon suggestion ol the legendary Captain 
Cook, a special British expedition was sent 
to Tahiti under the command of Captain 
William Bligh, of the "Bounty." Enchanted 
with the Tahitian way of life, the crew 
mutinied on the return voyage, putting 
Bligh oil at sea in a small boat with eighteen 
loyal followers. Bligh and his men survived 
a forty-one-day run to the East Indies, the 
captain living to command a second expedi¬ 
tion, successful in introducing breadfruit 
to the West Indies. The mutinous sailors 
with a number of Tahitians migrated to 
Pitcairn Island to establish a Utopian 
colony. 

The breadfruit never proved to be the 
expected bonanza in the West Indies, the 
residents there preferring the banana. 
Breadfruit is still, however, a staple in the 
diet of Paci fic Isla nd peoples mid is scat- 
teringly cultivated in the New World 
tropics. Handsome, monoecious trees with 
leathery, lobed lea ves produce the la rge, 
rough, multiple (ovaries plus receptacle) 
fruits resembling North American "hedge- 
apples" (Madura). The fruit is starchy, 
normally 30 to -10 per cent carbohydrate, 
and is usually eaten baked, boiled, or fried. 
In taste and consistency it resembles pota¬ 
toes. Both seedless and seeded strains are 
known. Seeded forms are of little use, al- 



The "pear" of the cashew is edible as a fresh fruit 
and the seed becomes the familiar "nut" of the 
market. (Courtesy C.S. Dept, of Agriculture.) 


though the seeds, boiled or fried, are edible. 
Propagation of seedless types is usually by 
root sprouts. 

Canistkl, Lucuma nervosa, Sapotaceae. 
This West Indian tree bears orange-fleshed 
fruit that is very sweet and cloying. It is 
usually consumed fresh. 

Capulin, Prunus salicifolia, Rosaceae. 
The capulin is a subtropical cherry of the 
tropical American highlands; with selec¬ 
tion, it might perhaps produce as good- 
quality fruit as that produced by temperate 
species. 

Carambola, Averrhoa carambola, Oxali- 
daceac. Native to Malaya and now widely 
distributed, this pinnately leaved tree bears 
curious five-winged acidulous, fleshy, yellow 
fruits from terminal inflorescences. I he 
fruit is usually consumed cooked. 

Carissa or Natal Plum, Carissa gran di¬ 
flora, Oleaceae. The plum-size, brilliant 
red, ovoid fruit of this spiny, ornamental, 
South African shrub is eaten fresh, stewed, 
or preserved; in the preserved form it re¬ 
sembles cranberry jelly. 

Cashew, Anacardium oeddentale, Ana- 
cardiaceae. The fleshy receptacle (pear) 
below the nut of the Brazilian tree is con¬ 
sumed as a fresh or preserved fruit (see 
Cashew nut, p. 409). 
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Fruit ot ihc delicious cherimoya. Annona. (Cour- 
lesv Chicago Natural History Museum.) 


The soursop, Annona tnuricala. (Courtesy Chicago 
Natural History Museum.) 


Ciriman, Mon si era delieiosa, Araceae. 
I his Mexican and Central American rela¬ 
tive of the jack-in-the-pulpit, a climbing 
vine with very large, perforate leaves, pro¬ 
duces cone-like inflorescences with a “pine¬ 
apple" flavor, edible when fully ripe. 

Cherimoya, Custard Apple, Pinha, and 
Similar Annonaceous Fruits, especially 
Annona, Annonaceae. Many of the tropical 
representatives of the Annonaceae, the 
family of the Temperate Zone pawpaw 
(Asirnina), produce an aggregate-accessory 
fruit of creamy consistency with a delightful 
sweetish, “fruity," flavor. They are small 
tiees with alternate simple leaves and mul- 
tipistillate flowers. The cherimoya, Annona 
chcrimola, is native to the northern Andes 
and is now grown scatteringly throughout 
the tropics. The fruits attain weights of up 
to 15 lbs. The custard apple, A. reticulata, 
is native to the West Indies and the tropical 
American mainland. Sometimes termed 
Bullocks Heart," die fruit is often chilled 
and the ice-cream-like pulp eaten with a 
spoon. The pinha (or ata, fruta de conde, 
sugar apple, or sweetsop), A. squamosa, of 


the same area, bears smaller, cone-shaped 
fruits, which are eaten fresh. The soursop 
or guanabana, A. tnuricala, of the West 
Indies, bears large fruits similar to those 
of the pinha but with a more acid flavor. 
It is most used for "ades” and sherbets. 
The related biriba, Rollinia pulchrinerm, 
of Brazil, is similar to the soursop. Sev¬ 
eral lesser-known species of Annona serve 
as wild and infrequently cultivated fruit 
trees. As a group the Annonaceous fruits 
are among the most exquisite of tropical 
fruits, in taste and texture ranking with 
the mangosteen, “queen of tropical fruits,” 
m tliis respect. In general, however, they 
are neither scientifically selected nor cul¬ 
tivated. The fruits are not shipped to 
temperate regions, for the soft, perishable, 
“Pe P ul P ferments quickly, and so are 
scarcely known to North Americans. It 
would be possible, by plantation cultiva¬ 
tion and air transportation, to place these 
dessert delicacies on the United States mar¬ 
ket, but at the moment not even the demand 
o many large tropical cities can be sup- 




Date palms in the Near East. (Courtesy Chicago Natural History Museum.) 


Coconut, Coens nucifera, Palmaceae. 
“Man's most useful tree." the coconut, was 
discussed in some detail in the chapter on 
Oils. Coconut palms dot the shores of all 
tropical lands, and the fruit is often a main 
source of food among island people. The 
“milk," liquid endosperm, furnishes a cool 
drink at any time; and the "meat," when 
eaten young and thin, is soft and tender, 
cjuite unlike the coconut shreds known to 
temperate peoples. Cotyledons ol germinat¬ 
ing coconuts are also consumed. 

Cui’U-assu, Theobroma grandiflorum, 
Sterculiaceae. This Amazonian relative of 
the cacao bears large fruits, the fleshy pulp 
of which is used for “refrescos” and "doces." 

Date, Pliocnix dady/ifera, Palmaceae. 


The familiar date of commerce is the fruit 
of this dioecious, subtropical feather-palm 

native to dry areas of southwestern Asia. 

— * —• —- 

The species was widely spread in the Medi¬ 
terranean area by the Arabs, and its fruit 
is often a staple in the diet of these nomadic 
peoples. The date is an excellent food (as 
found on the market it consists of about 70 
per cent carbohydrate, 2 per cent protein, 
and 2.5 per cent fat), and merits wider 
acceptance by the people of the United 
States. Dates may be eaten fresh, dried, or 
pounded into pastes. In the Arabic world 
they are commonly consumed with milk 
products that bolster protein content. A 
fermented maceration of dates yields the 
famous “arrak," which Pedro Texeira, a 
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sixteenth-century traveler, described as "the 
strongest and most dreadful drink ever 
invented." 

Much scientific attention has been 
lavished on the date throughout the world. 
The techniques of its selection, culture, 
tare, and marketing have perhaps been im¬ 
proved to as great a degree as those of any 
tropical fruit. Propagation is sometimes by 
seed but more commonly by sucker (offshoot 
from base of trunk) to assure continuing 
quality and female types. The offshoots are 
chiseled from the parent plant and usually 
seasoned” to prevent rotting. Then they 

are P !anted in "arm, humid sheds, where a 
year or more may elapse before rooting is 


complete. The palms begin to flower abou 
the fourth year. Flowering occurs fron 
February to June, during which tinu 
matured male inflorescences are cut ant 
hand-dusted on emerging female inflores 
cences from which the spathe has been spli 
back. I he pollen is viable for a few years 
and a reserve supply may be obtained b\ 
dusting inflorescences into a paper bag. The 
fertilized female inflorescence is carefulh 
watched, the number of fruiting branch* 
being limited by trimming to that which can 
be best brought to perfection without undue 
dram on the vitality^ palm. Maximum 
yield is about 100 lbs. of dates per palm pe. 
year, under a system of soil fertilization and 
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A sectioned durian, one of the prominent tropical 
tree fruits. (Courtesy Paul H. Allen.) 


careful culture. Ripening occurs from June 
to December, during which time it may he 
necessary to bag the inflorescence in cheese¬ 
cloth or paper to prevent bird and insect 
damage. Picking is by hand, and the fruit 
is commonly pasteurized or sterilized with 
carbon bisulfide fumes. In commercial pro¬ 
duction dates are usually artificially ripened 
by "sweating" in incubators, during which 
sugars develop and astringent tannin be¬ 
comes insoluble. 

The date is cultivated quite intensively in 
California, where production amounts to 
more than 10 thousand tons annually. A 
few tens ol thousands ol tons arc impoited 
as well, largely from Iraq. I he eastern 
Mediterranean area continues to be the 

center of the date industry. 

Durian, Ditrio zibelliintis, Boinbacaceae. 
The durian has for centuries been a favorite 
fruit source in the Malay area and the hast 
Indies, but it has never been more than 
haphazardly cultivated. The immense, spiny 
fruits have a thick rind and are quite 
malodorous, but nonetheless they arc a great 
attraction to wildlife, from ant to elephant 
-and a very teal hazard to whoever may 
pass beneath the trees at ripening time and 



The malay apple. Eugenia malacccnsh. (Courtesy 

Paul H. AHcn.) 


risk the fruits’ falling upon him. The 
comestible portion is a fleshy aril that sur¬ 
rounds the seeds. Human reaction to the 
durian varies—those unaccustomed to it 
finding its foul effluvium unbearable and 
others actually arranging home leaves so as 
not to miss the durian season. In his classic, 
Tlic Malay Archipelago, Alfred R. Wallace 
penned a description of the durian fruit 
which, after a century, is still unsurpassed: 
“... a rich butter-like custard highly flavor¬ 
ed with almonds, but intermingled with it 
come wafts of flavor that call to mind cream- 
cheese, onion-sauce, brown sherry, and other 
incongruities. Then there is a rich glutinous 
smoothness in the pulp which nothing else 
possesses, but which adds to its delicacy. It 
is neither acid nor sweet, nor juicy, yet one 
feels the want of none of these qualities, 
for it is perfect as it is." In recent decades 
the durian has been introduced into the 
New World, where it has as yet few 
enthusiasts. 

Eugenia and Minor Myrtaceous Fruits, 
Eugenia and other genera, Myrtaceae. I he 
South American Surinam cherry or pitanga, 
Eugenia uniflora, yields a small ribbed fruit 
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eaten fresh or looked. Several pitombas, 
I'era do Compos, and others, E. sfif).. of 
Brazil, serve in the same way. E. (Syiygium) 
jumbos, the rose apple, is a Malayan species 
with larger fruit, introduced into the New 
World and now escaped, as is also the 
Malav-apple or Ohia, E. (.S') mulaccnisis, 
which yields a pear-shaped fruit. The Cura- 
cao-apple. E. (.S'.) javunicn, is a small orna¬ 
mental ol Malaya: it also bears clusters.of 
small pear-shaped fruits. The Java-plum, 
jambu or jatnbolan, E. (S.) cuminii. indi¬ 
genous to Java but now widely spread, 
bears dusters of juicy, purplish, plum-like 
fruits from the older branchlcts. Species of 
Fcijon and Abbeviilca (Brazil) and Rhodo- 
wyrtus (Orient) yield fruits similar to those 
ol Eugenia, and are similarly consumed. All 
are small and of decidedly secondary im- 

• m 

portance in the tropical diet. They are 
mostly taken from the wild. By and large the 
species are notable for rapidity in maturing 
fruit fromhuiver. 

IhgTticus ctnica, Moraceae. The large 
tropical and subtropical genus Ficus con¬ 
tains many incompletely understood wild. 



The cultivated fig. (Courtesy Chicago Natural His- 

lorv Museum.) 

domesticated, and scmicultivated species 
1 hese are woody shrubs, climbers, epi¬ 
phytes, or trees, characterized by a special¬ 
ized fruit (syconium) in which the perfect 
or unisexual flowers are borne inside a glo- 


m 



Dormant fig ,„cs. Adriatic „„ 0 „ tigh , (Colmra) . 




Comtcsv Economic Hot any.) 


h caliimma fi«»s as thc\ are 




nu i t .s 




The guava fruit as grown in Florida. (Courtesy Economic Botany.) 


bose or pyriform receptacle. The species 
listed (in var. horiensis) is the common fig, 
native to the Mediterranean region and 
widely cultivated there and in California, in 
many horticultural varieties. It was domesti¬ 
cated in ancient times, and is frequently 
mentioned in the Bible and in other old rec¬ 
ords. The spec ies is a small tice with br oad 
palmatelv veined, lobed leaves. The fruit 
is self-pollinated or parthenogcnetic. A 
nearly continuous sequence of summer crop 
is borne, the earlyjruits (“ brebas" ) from 
the old wood, juicy and often consumed 
fiesh; the later "second crop” Irom new 
wood being smaller and being generally 
dried or preserved. Caprifigs (var. sylvesiris) 
are wild and semicullivated figs of the 
Mediterranean area, probably ancestors of 
the other types but of no commercial value 


lor fruit. They are, howe'er, host for a fig 
wasp that is essential to pollination of 
Smyrna figs (var. smyminca). The Smvrna- 
type figs (called Calimvrna in California) 
are very important commercially; however, 
they hear only pistillate flowers and so are 
dependent lor fertilization upon wasps that 
bring pollen Irom caprilig plants (a process 
called c aptificatio n). For successful produc¬ 
tion Smyrna figs must be planted in associa- 
lion with caprifigs. Smyrna figs, when first 
introduced in California, dropped their 
Iruit 'prematurely and lacked the charac¬ 
teristic "nutty” llavor until caprifigs and fig 
wasps were introduced in 1899 from the 
Mediterranean area. 

Commercial figs are subtropical, de¬ 
ciduous plants propagated bv cuttings. Thev 
can he grown, with winter protection (such 
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Ripe guava fruit on the ground ready for gathering into field boxes. Florida. 

(Courtesy Economic Botany.) 


as straw), as far north as St. Louis and 
Philadelphia. The fruit is usually gathered 
by hand as it drops from the tree. In 
California most figs are sun-dried in the 
semiarid San Joaquin Valley, where the 
trees are cultivated under irrigation. About 
130 thousand tons of figs are produced an¬ 
nually in the United States, largely in Cali¬ 
fornia, and are consumed dried, fresh, and 
preserved. A few thousand additional tons 
are imported, especially from Greece and 
Turkey. In the Old World particularly, 
dried figs find use as stock feed, and in Cali¬ 
fornia substandard figs are fed to silver 
foxes. World production totals several hun¬ 
dred thousand tons annually. 

Genii’AI’o, Genipa americana, Rubiaceae. 
This little-known fruit from large trees of 


eastern South America and the West Indies 
may be eaten fresh or in marmalade form, 
but is more commonly made into an “ade" 
or wine. 

Graxadilla or MaracujA, Passiflora 
spp., Passifloraceae. Several passion flower 
vines, including Passi flora quadrangular is, 
P. edulis, and P. ligularis, both cultivated 
and wild, bear a juicy, aromatic fruit simi¬ 
lar to a small gourd. The acidulous arils of 
this fruit are used for “refrescos.” The 
species are native to the Americas, but 
have found greatest popularity in Australia 
and the Far East. 

Grosklha or Otaheite Gooseberry, 
Pliyllantlius distichus, Euphorbiaceae. This 
Oriental tree, introduced into tropical 
America, bears on the stems abundant 
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clusters of small, greenish, acid fruits which 
areujsty when cooked with sugar. 

A, Psidiinn guajava, Myrlaceac. This 
interesting species of lowland Brazil has 
been distributed to practically all tropical 
lands, where it often becomes naturalized 
and is not infrequently a weed. To yield 
quality fruits, however, the plants must be 
given some care and culture. The species 
is a small tree with coarse, opposite leaves 
bearing raised veins below. The white 
axillary flowers arise on the new wood, and 
develop into the globose, gritty, somewhat 
acid, apple like fruits most used to make 


Rambuian, A cphelium laft/wccum. (Courtesy Paul 

H. Allen.) 

trees are shaken and the fruits picked up 
from the ground. World production is dif¬ 
ficult to estimate but must certainly amount 
to several hundred thousand tons annually, 
most of which is consumed locally. 

Hondapara, Di lien in indica , Dillenin- 
ccne. The unusual accessory fruit from this 
Far Eastern ornamental possesses a thick, fi¬ 
brous, enclosing calyx surrounding the 
greenish, tomato-like ovary, the latter so 
acid that it must be cooked before being 
eaten. 


goiabada," a dessert marmalade or pa: 
or guava jelly. Guavas can also be ea 
fresh or in pie, or a juice may be extrac 
from them for jelly or drink. . Guavas 


rood d 


ta mins C and_A. 

In many tropical areas the guavas 
given little cultural attention, but in 
rida, California, Cuba, and India mana 
orchards have been established and 
proved varieties developed by selection ; 
hybridization. Most commercial plant 
is still done from seed, though propagat 
of named varieties may be accomplished 
air-layering, budding, or grafting. Fri 
are pteked from the trees by hand, or 


Icac.o or Coco-plum, Clirysobalamis 
icaco, Rosaccae. This coastal species occurs 
genet ally throughout the American tropics. 
1 he plum-like fruit is frequently made into 
a dessert paste. 

Imihi, Span dins tuberosa, Anacardiaceae. 

his species is a spreading, usually wild 
tree of northeastern Brazil, bearing abun¬ 
dant small, yellow-green, acidulous fruits 

very refreshing to travelers in the semiarid 
climate. 

Inga, Inga s pj>., Leguminosae. Several 
species Of Inga yield fleshy pods consumed 
locally in tropical America. 

Jaokfruit. At Incarpus hetcrophylla (I 
ifi/egrifo/ius), MoraceiThi$ ha ' nd J^ 
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The pulasan, Nephelium mutabile, considered in 
Singapore 10 be a variety of ranibuian. (Courtesy 
Paul H. Allen.) 


brother to the breadfruit tree bears huge, 
sweetly acid, multiple fruits from the trunk 
and lower branches. It is a Malayan species, 
introduced into Brazil and Jamaica. In 
Brazil it serves as a "poor man's fruit,” but 
is much esteemed by workers accustomed 
to its heavy, aromatic sweetness. Both pulp 
and seeds (roasted) may be eaten. The 
Marang, A. odoratissima, of the Philippines 
is similar to the jackfruit. 

Jaboticaba, Myrciaria spp., Myrtaceae. 
This genus, in several species native to 
southern Brazil, bears on the trunk juicy, 
grape-like fruits consumed fresh or made 
into jelly or wine. 

Jujube, Zizyphus jujuba, Rhamnaceae. 
This is a Chinese species long cultivated in 
China, the Mediterranean area, and to some 
extent in the southern United States. I he 
olive-size fruit is consumed fresh, dried, or 
boiled with sugar, and the pit can serve 

as a “nut.” 

Langsat, Lansium domesticum, Meha- 
ceae. The langsat is one of the better 
Malaysian fruit species. It bears clusters of 



Loqtiat fruits. Eriobotrxa japottica. (Courtesy Chi- 
caf-o Natural History Museum.) 


globose, velvety fruits with a bitter rind but 
a delicate, flavorful, sweetish pulp some¬ 
what resembling the mangosteen. Well- 
known in the East, it has been little 
cultivated in the New World. 
vTtichi, Litchi chinensis, Sapindaceae. 
This famous and prolific tree of southern 
China has been in cultivation in the Far 
East since time immemorial. Hundreds of 
thousands of tons of the fresh and dried 
fruits are produced there annually; part of 
these are exported to Chinese living abroad. 
The species is also important today in 
India, South Africa, and elsewhere. The tree 
is usually propagated by air-layering, and 
takes five years to bear. The warty-shelled, 
white-fleshed, viniferous-flavored fruits are 
borne in loose, terminal clusters. Similai 
Sapindaceous relatives of the litchi, sim¬ 
ilarly used, are the longan, Euphoria Ion- 
gana; the rambutan, Nephelium lappaceum, 
with a larger, spinier fruit; and the pulasan, 
N. mutabile, all of East Asia. ' 

Loquat or Japanese Medlar, Eriobotrya 
(Photinia) japonica, Iiosaceae. This tomen- 
tose Chinese tree bears plum-size fruits 
reminiscent in flavor of apples or pears. It 
is widely grown in Japan, China, India, and 
the Mediterranean area, and to some extent 
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Mamcc. Mammca americana. (Courtesy Paul H. 

Allen.) 


in the New World subtropics. It is perhaps 
the most important of the limited selection 
of Rosaceous fruits for the tropics, and 
varieties of it have been selected. The fruit 
is eaten like apples. 

Mammee, Mamey, or Abrico do Para, 
Mammea americana, Guttifcrae. The ma- 
mey is a beautiful and frequent door-vard 
tree of the West Indies anti Central South 
America, first reported by Columbus in 
1502. The thick, firm flesh of the fruit is 

ed stewed with sugar. It 
is nowhere of commercial importance. 

Mamoncillo, Melicocca bijuga, Sapinda- 
ceae. The species is a tropical American 
relative of the litchi; the greenish, plum¬ 
like fruit is popular among the poorer 
classes. 

Maxgaba or Mangabeira, Hancornia spe- 
ciosa, Apocynaceae. This latex-yielding spe¬ 
cies of eastern Brazil (see Rubber) bears 
tasty persimmonlike fruits which are a wel¬ 
come addition to the diet on the sandy 
taboleiros of its native area. 

^anco, Atangifera indica, and possibly 
other species, Anacardiaceae. This large 
eastern Asiatic tree is today one of the 
better-known tro pical f ruit trees and is cul¬ 
tivated throughout the tropics in numerous 
horticultural varieties. The lai^edrupehas 

i 
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Sandcrsha variety of cooking mango. (Courtesy Paul 

H. Allen.) 


a juicy, usually fibrous, aromatic pulp much 
esteemed by some but considered disagree 
able by others. 1 he mango is of the same 
as poison ivy, and some j>eople 
develop an allergy to mangos resulting in a 
rash on the lips similar to mild poison ivy 
irritation. The mango is usually eaten freshr—- 
but may be canned or made into jam, 
pickles, or chutney. It is to tropical peoples 
what the apple is to North Americans and 
Europeans. Of course, “there are mangos 
and there are mangos"; some varieties have 
a turpentine taste. Only the less fibrous and 
fine-flavored grafted varieties merit plant 
ing today, though anywhere in tropical 
countries seedling mangos spring up with 
but little or with no attention. The species 
has been in domestication since time im¬ 
memorial in the East, and was introduced 
into Baia, Brazil, by the Portuguese colo¬ 
nists. Theie and elsewhere in die New 
World it has become naturalized and fre¬ 
quent in inhabited areas. It is a magnifi¬ 
cent tree with abundant, tapered, glossy, 
dark-green leaves ami large, terminal pm 
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The niangostccn, Gnrrinia mangostana, “queen of 
tropical fruits." (Courtesy Chicago Natural History 
Museum.) 


Mango, variety amini. (Courtesy Paul H. Allen.) 

lygamo-monoecious panicles of small flow¬ 
ers. Fruiting is best in climates having a dry 
season. The fruit, in spite of being fleshy, 
keeps fairly well, and carefully packed ship¬ 
ments of selected varieties have been made 
from India to Europe. The fruit may be 
picked before it is fully ripe, like the 
banana. 

Mancosteen, Garcinia mangostana, Gut- 
tiferae. The mangosteen is a small tree 
native to the Malayan area, bearing pur¬ 
plish fruits with a thick rind and a center 
containing four to six seeds with delicate 
white arils of exquisite flavor. It has long 
been termed the “queen of tropical liuits, 
but its establishment in the New World 
has met with little success because of eco¬ 
logical difficulties. In the East Indies and 
Malaysia marketed fruit usually comes from 
scattered dooryard trees, although a few 
plantations have been established. The 
species is extremely susceptible to cold, 


and even grafts on hardy stock have little 
chance of surviving in the United States. 
Little selection or varietal improvement 
has been accomplished. 

Manzanilla, Crataegus spp., Rosaceae. 
Mexican and Central American species of 
this large genus yield ornamental and edible 
fruits in the highland areas. 

Mombin (RED), Spondias purpurea, Ana- 
cardiaceae. This small Mexican tree beats 
cauline fruits that are much consumed in 
Central America, either fresh or boiled and 
dried. 

Mombin (yellow) or Caja, Spondias 
lutca, Anacardiaceae. This species, similat 
to the red mombin, is found (naturalized?) 
principally in the West Indies and eastern 
South America. Propagation is usually by 
cuttings. 

Naranjilla, Solarium quitoense, Solana- 
ceae. 'I bis gigantic herb of the Andes from 
Colombia to Peru, G to 10 ft. tall and with 
leaves more than a foot long, produces 
small, orange, tomato-like fruits dining 
every season of the year. In cultivation the 
plants are started in seed beds and hand- 
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Mangosiccns ready to cat. (Courtesy Paul H. Allen.) 


transplanted to field location. Plants are 
maintained for about three years; then new 
plantings are made in virgin soil as produc¬ 
tion drops off in the old fields. Significant 
maturation of fruit has not been accom¬ 
plished outside the native environment of 
this species. The fruits are crushed to pro¬ 
duce a refreshing juice, esteemed in the 
Andean producing area and-to judge from 
reaction at New York’s 1939 World Fair- 
by North Americans as well. So far there 
has been no attempt at large-scale crush¬ 
ing, bottling, and export of this unique 
beverage. (See illustration, p. 505.) 

Olive, Olea europea, Oleaceae. The olive 
is primarily a crop of the Mediterranean 
area Spam especially, where a large portion 
of the yield is expressed for olive oil. Ol¬ 
ives were first introduced into California 
' trough the Mission San Diego in 1769, and 
many newer strains have been brought in 
since. Mission is the leading variety at 


present, followed closely by Manzanillo 
and other named varieties. Propagation is 
chiefly by cuttings. Fruit for the common 
pickled olive is carefully hand-picked to 
avoid bruising, at “straw color” stage for 
green olives and at “black” stage for ripe 
olives. Harvest in California is in autumn. 
The processing of olives neutralizes the 
bitter glucoside, oleuropein, present in 
fresh olives. With black ripe olives, the 
fiuit is stored several months in a 5 to 9 
per cent salt solution, where a lactic fer¬ 
mentation takes place, and is then treated 
with sodium hydroxide, washed, and finally 
stored in dilute brine and sterilized. Green 
ohves are treated similarly, except that the 
lactic feimentation is omitted. The United 
States produces almost 50 thousand tons of 
ohves annually, about hair of which are 
canned. Another 10 million gaUons Me 

imported from Spain. For further discus- 
non of the olive, see the chapter on Oils 





An olive grove in California. (Courtesy Chicago Natural History Museum.) 


'■'Papaya or Mamao, Carica papaya, Cari- 
aireae. The papaya is an excellent fruit of 
a small, unbranched, soft-stemmed, usually 
dioecious tree lound wild and naturalized 
through most ol tropical America. As early 
as 1598 it had been introduced into India, 
and soon alter it spread through the Pacific 
Islands, where today it is common. The 
tree propagates readily from seed, and in 
as little as ten months may bear ripe fruit. 
In the course of its short lile (commonly 
only three to four years) it may produce 
in continuous succession a hundred or more 
immense, hollow-centered, pyriform fruits, 
in appearance much like honeydew melons. 
The fruit is usually consumed fresh, but 
may be made into juice, pickles, preserves, 
jellies, or sherbets, or may be served cooked 
like squash. It is the source ol the digestive 


enzyme papain, which finds some commer¬ 
cial use as a meat-tenderizing sauce. About 
150 tons ol papain are imported into the 
United States annually, mostly from British 
East Africa. The enzyme is obtained by 
scoring the rind of maturing fruits and 
collecting the latex which exudes in non- 
metallic containers. This exudate is dried 
and marketed, especially to the meat pack¬ 
ing, brewing (lor "chill-proof beer), and 
tanning industries. It is said that tough, 
imaged meals in tropical regions where 
refrigeration is not to be had can be readily 
tenderized by wrapping them for short 
periods in papaya leaves. Legend even has 
it that feeding tough old hogs papaya leaves 
before slaughter causes their flesh to be¬ 
come tender, and papaya pulp, one may 
suppose, is equally effective in a number of 
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Black. ii|»c olives during pioccssing. (Couriers Economic Botany.) 


cosmetic products such as face cream. If 
picked unripe, papayas mav be shipped 
" ith moderate success. They are little 
known in temperate regions, but in the 
tropics they constitute a virtual fruit staple 
and one much esteemed. 

I’iac h I’ai.m, GuiUclma gasipaes. Palma- 

ccae. This spiny. New World leather palm 

yields plum-like drupes sometimes found on 
the market. 

i*o.MK(;RA.\ATE, I’ltiiiai gram,turn. Pnnica- 
cw. This species is a small sluubbv tree 
glowing in dense wild stands in eastern 
Asia and naturalized in the Mediterranean 
area. 1 he fruit bears many seeds, each with 
a juicy red aril, inside a tough rind. The 
pomegranate is grown to a limited extent 
horn California southward in the American 
topics but is more popular in the Old 


" 01 Id ihan anywhere else. Propagation v 
In seeds, cuttings, or lacering. 

Ramontuii or Gourxor's l’u m. Fla 
courlia ra moult hi. Flacourliaccnc. The ra 
montchi is a small, dioecious tree or shrul: 
of southern Asia, introduced elsewhere 
bearing berries If to a cm. in diametei 

which are used principally for pre- 
serves. ' r 

SAPOIIII.I.A. Achras ;„/> „u, (Mamlkara 

zalmtilla), Sapolareae. The species, the latex 
o1 " hilh >‘elds chewing gum, also furnishes 
man with a thin-skinned, sweet-fleshed des¬ 
sert fruit (berry) slightly larger than a plum. 

, ,S . ,,atlve 10 1,01 thorn Central America, 
bm is today planted throughout the world 
tiop.es. (Mr Chapter 8. -Latex P.oducts.") 
Nvroir: ok Mamkv. Calotarfmm mammo- 

SUm ' This Central American 



A peach palm. Guilirlma gasipnes. (Courtesy Paul The fruit of the peach palm. Guilielma gasipaes. 

H. Allen.) (Courtesy Paul H. Allen.) 


lowland tree is cultivated from seed through 
most of the Caribbean area. It bears mod¬ 
erately large drupes with a thick, firm, 
spicy, nonacid flesh that is eaten fresh or 
made into conserves. The fruit is frequently 
an important item of the diet among hinter¬ 
land Indians. 

Sapote (white), Casimiroa edulis. Rula- 
ceae. This species is native to the highlands 
of Mexico and Central America and has 
been introduced throughout the Caribbean 
area. The thin-skinned, sweet, orange-size 
fruits are usually eaten fresh. A few horti¬ 
cultural varieties have been propagated in 
California. 

Sapote (yellow), Lucuma salicifolia, Sn- 
potaceae. The species is a small tree of 
Mexico and Central America cultivated 
from seed, yielding slender, thin-skinned, 
mealy-fleshed drupes usually eaten fresh. 


Star-Apple or Caimito, Chrysophyllum 
cainito, Sapotnceae. This tropical American 
species is distinguished by leaves that are 
glossy green and velvety brownish-pubescent 
below. I'he apple-like, purplish fruit pos¬ 
sesses a star-shaped, acidulous pulp that is 
usually eaten fresh. The trees propagate by 
seed and are dooryard counterparts of the 
sapodilla and sapote over most of the Carib¬ 
bean area. 

Souaki Nuts, Caryocar spp., Caryocara- 
ceae. Although the seeds of this South 
American fruit are the most esteemed por¬ 
tion (see Chapter 17. "Nuts"), the flesh may 
be cooked as a vegetable or a meat flavor¬ 
ing. 

Tamarind, Tamarindus indica, Legu- 
minosae. This ornamental Indian species 
is now firmly established throughout the 
world tropics. The pulpy legume is reputed 
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to contain more sugar and fruit acid per 
unit volume than any other fruit. In the 
New World, the fruit finds most use for 
"refrcscos” and as a flavor in guava jellies, 
but in Arabic countries and the East Indies 
it is an important market item in many 
forms. Propagation is commonly by seed. 

Tree Tomato, Cyphomandra betacea, 
Solanaceae. Native to the Peruvian area, 
diis small tree has been spread to various 
parts of the world, where the small, egg- 
shaped, succulent fruits are eaten fresh or, 
more commonly, stewed. 

Tuna, Pitaya, and Other Cactaceous 
Fruits, GacUiceae. “Tuna" and "pitaya” 
are names applied to fruit of several species 
of Opuntia, Cereus, and related genera. 
1 his fruit is usually seedy, sometimes spiny. 
It is widely cultivated but not of great im¬ 
portance to mankind. Pereskia aculeala, 
Barbados gooseberry, yields fruit that bears 
leaves. This fruit is very acid and is usually 
cooked with sugar. 

Umkokola or Kei-apple, Dovyalis (Abe- 
ria) cafjra, Bixaceue. This dioecious, African 
species is little cultivated for fruit outside 
of its native area, although it is known 
elsewhere as a hedge plant. The fruit is 
used for preserves and jams. The similar 
ketembilla, D. hebecarpa, occurs in Ceylon; 
it yields a pubescent, very acid fruit. 



Sapote or mamey. Calocarpum mammosum. (Cour¬ 
tesy Paul H. Allen.) 


Miscellaneous Other Fruits. It is ob¬ 
viously impossible even to list all tropical 
fruits in a volume of this kind. For addi¬ 
tional information the reader may turn»,to 
E. O. Fenzi, Frutti Tropicali eSemilropicali 
(Firenze, Italy: Instituto Agricola Coloniale 
Italiano, 1915), which gives an alphabetical 
list of 727 species, with native name, Italian, 
French, and English indices; or to bib¬ 
liographies of such works as that by 
B. E. Dahlgren, “Tropical and Subtropical 
Fruits, Chicago Natural History Museum 
Popular Series: Botany, No. 26 (1947). 
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CHAPTER 20 


Beverage Plants 


The subject of beverage plants can 
hardly he divorced from that of fruits and 
other foods. Naranjilla, granadilla, and 
species of Spondias, for example, are trop¬ 
ical fruits used chiefly for making "refres¬ 
cos” or fruit drinks; the tropical cacao, on 
the other hand, is usually listed among bev¬ 
erage plants, although chocolate from its 
fruit is used today more as a confection 
flavor than for the "chocolatl"-type drink 
that was once of great importance in the 
A/tec empire. Again, grapes are esteemed 
as a fresh Temperate Zone fruit, but are 
perhaps even more important for making 
wine and champagne. Beer and malt bev¬ 
erages are products of cereal crops, and 
"soft drinks” derive their sugar or dextrose 
from cane, corn, and other sources. 

. Be verages fall rather logically into two 
| categories: non alcoholi cjind alcoholic . 1 he 
jx reTr^Tunent pr ovided by the for mer usua lly 
resuItsTrom odfemeWcaffeine-like deriv a- 
tives^at least in part. In his unceasing 
' search for palatable and stimulating drinks, 


category, beer, wine, and di stille d liquors 
are~particularly Impor tant. Fermentat ion, 
the means by which such bevera ges are 
prepared, is an art as old as man's alliance 
with plants, and an important feature of 
all civilizations from earliest times to the 


piesent day. In this chapter nonalcoholic 
beverages will be discussed first. 

Nonalcoholic Beverages 

The human body, consisting as it does 
largely of liquid, demands a continuous 
intake of water. Water has always been 
available where life exists, and is of course 
man’s foremost and indispensable nonal¬ 
coholic b everag e. Man early learned to 
take milt from' other mammals, as much 
for food as for drink. But apart from water 
and milk, all other prominent n onalcoho lic 
beverages stem directly from plant sources, 
inasmuch as it is plants or plant products 
that provide the satisfying flavor to aqueous 
mixtures that are favorite beverages the 
world over. Tea, for example, is consumed 
by at least half the world’s population, and 
coffee by a third or more. Cacao provides 
food and drink for 300 millions. In the 
United States coffee is served in 94 per cent 
of all homes and tea in 87 per cent, and 
50 million bottles of soft drinks are con¬ 
sumed daily as well. Needless to say, the 
production, compounding, and marketing 
of these beverages constitute tremendous 
enterprises, of major importance to the 
economic life of many nations and peoples. 
The economy of Brazil and Colombia, for 
example, is heavily dependent upon coffee 


man has hit especially upon caffeinaceous, 
coffee, te"a, and chocolate. In the jilcohol ir 
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Harvesting naranjilla fruit, Solanum quitoemc, 
the basis of a popular beverage in Ecuador. (Cour¬ 
tesy Economic Botany.) 


exports. Coffee and tea are among the 
foremost items of international commerce, 
and in tonnage coffee leads all imports to 
the United States. Five-sixths of all coffee 
production comes from the New World and 
is largely consumed in the Americas and 
Europe; tea is chiefly produced in the 
Orient and consumed there, in the USSR, 
and in the United Kingdom. 

In this section attention will be focused 
on coffee, tea, and chocolate, the most im¬ 
portant nonalcoholic beverages; brief men¬ 
tion will be made of mart, guarand, and 
other beverages of comparatively minor 
ijnportance. 

'■^Coffee. Coffee, savory culmination of 
the aristocratic banquet, substance of die 
be ggar’s plea, morning eye-opener to the 



working man, merits firs t at tention amo ng 
n onalcoholic beverages. Almost half a hun¬ 
dred species of the genus Coffra, Rubiaceae. 
source of the coffee bean, have^iTTe^ 
ognized. Of these only two or duee, with 
several hybrids, are commercially cultivated. 
C. arabica , the most prominent of these- 
and the minor cultivated species C. liberica 
and (Lrobusia —are believed native to north- 
e astern Africa, They were apparently first 
domesticated during die Middle Ages and 
their fruit brought into commerce by Arab¬ 
ian peoples of the Red Sea area. Expeditions 
into die Arabian hinterland have shown 
tribesmen provisioning for journeys with 
coffee seeds balled in fat, and a tea-like bev¬ 
erage being made from the cofTee leaves 
In other parts of die Near East, too, coffee 
beans are mixed with spices and consumed 
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French coffee buyers in Yemen. (Courtesy Chicago Natural History Museum.) 


as food. Dried coffee leaves are used in 
Sumatra, the more valuable “beans" being 
exported. 

Since its comparatively recent domestica¬ 
tion, cofTee has been introduced into all 
parts of the tropics within 20° of the 
equator, from sea level to a mile or more 
elevation, not always without opposition. 
Edicts closing the “kaffa" houses in the 
Near East were frequent during the I600's. 
Hut in spite of intermittent official and 
religious opposition to coffee houses for 
fear that they might breed sedition and 
disrespect of authority, the custom of coffee 
drinking spread widely. I t reached Euro pe 
in th e sixteenth and seventeenth centuries, 
through the pilgrimages and caravan trade 
of the times. In Europe the first cafes were 
opened in Haris in the early 1600's, and 
they soon became frequented by the most 


illustrious literary and political figures of 
the day. Marseilles, at that time far out¬ 
ranking Paris as a commercial center, ac¬ 
cepted the custom of coffee drinking, but 
quickly abandoned it upon a rumor that 
coffee was an anaphrodisiac. Lloyds of 
London, the world-famed underwriting es¬ 
tablishment, originated as a coffee house of 
the late 1600’s given to posting sailing data 
for the benefit of its patrons. The first 
collee house of North America was opened 
in Boston in 1669, but it and its kind never 
attained in the New World the intellectual 
importance of the European coffee houses. 

Mocha , the city whose name a type of 
coffee still bears, remained for two cen¬ 
turies the center of the coffee tr ade, an 
Arabian monopoly until cofTee growing be¬ 
came widespread in the late 1700's. Coffee 
was first carried to India, Ceylon, and the 







Coffee beans drying at a beneficio near San Jose in the Costa Rican highlands. 

(Courtesy Paul H. Allen.) 


East Indies during the sixteenth and seven¬ 
teenth centuries, and from there, via Am¬ 
sterdam, to the West Indies and South 
America. It was once the premier crop of 
Cevlon, but leaf-spot disease destroyed the 
plantings there and through much of the 
East in the late 1800's, and tea became 
dominant among beverage plants. Today 
coffee production in the Orient ranks be¬ 
hind that of Brazil and Colombia, although 
Java highland types are regarded as among 
the world’s finest. In the New World. 
French Guiana plants were introduced into 
Amazonian Brazil in 1727. and nearlv half 
a century later reached Rio de Janeiro and 
southern Brazil. There, in the highlands 
of Sao Paulo, the coffee plant found soils 
and climate perhaps more favorable than 
anywhere else in the world, and from Sao 
Paulo today come some half a million tons 


of coffee, constituting most of Brazil’s (atu 
hence a large part of the world’s) annua 
production. 

The .coffee plant is a shrub nr y n r i 

tree with gl ossy, deep-green, oppo sitejeave:, 

The leaves, as well as the fruit, contair 

caffei n e . Fragrant, white axillary flower: 

are borne two or three times a year, in one 

principal and one or two secondary flower 

mg seasons that correspond to times ol 

dryness. The inferior ovarv of the flower 

matures into a reddish, two-seeded drupe. 

the coffee ‘‘berry" or “cherry ." Each seed 

bears a delicate, glistening membranous 

seed coat, the "silver_skin," and lies' within 

the parchment-like endocarp and fleshv 

mesocarp. One tree bears from K to 3 lbs 

~or in rare cues up to 6 lbs.-'of berries 
a year. 

(preparation of berries for market follows 
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which the silver skin is removed by polish¬ 
ing. Sieving to si/e and grading follow. 
The entire process reduces 5 or 6 lbs. of 
fresh coffee berries to 1 lb. of “beans" 
ready for roasting. 

The practice of roasting the coffee be an 
further affects its flavor. The degree of 
roasting (according to "secret” but well- 
regulated procedures-in modern roasters 
about 5 minutes at 500° F.) varies from 
locality to locality and is dictated by pop¬ 
ular taste. The roasting develops certa in 
aromas (essential oils and caffeol) that give 
coffeelt s appetizing flavor . The process also 
helps brea k down the cellulosic cell wa lls, 
fa cilitating grinding . Once roasted and 
ground, coffee beans lose their flavor in a 
matter of weeks and the oils gradually tend 
to turn rancid. Therefore coffee is generally 
fresh-roasted, and some Near Eastern peo- 


Cultivation of coffee plantings in southern Brazil. 

(Courtesy Chicago Natural History Museum.) 

one of two methods. In the older "dry" 
method, utilized in the Near East and 
wherever water"is scarce, the gathered ber¬ 
ries are dried in the open , cover being kept 
handy to protect the hand-turned piles in 
case of rain. Once t hey are sufficiently 
dry to prevent further fermentation of thej 
pericarp, the berries may be stored in bin s. 
At a later time they are mechanically sepa¬ 
rated from the pericarp. 

In the “ wet" process, water flotation first 
separates defective fruit an d debri s. The 
berries are then conducted as soon as pos¬ 
sible to pulping machine s, where the seeds 
(still in the endocarp) are freed from the 
mesocarp. Fragments of pulp remainin g are 
removed by controlled fermentation over 
a 12- to 24-hour period. Then follows a 
thorough washing in running water and 
drying in trays, on paved areas, or on mats, 
much as in the dry method . Dry de-pulped 
fruits are h:mi<:illv heed of their pa i d i- 
jnent (endocaip) in special nulls, after 


pies will not accept coffee unless it has 
been roasted immediately before its con¬ 
sumption. Dur ing roasting the beans lose 
12 to 18 per cent of their weight bu t gain 
about 3 0 per cent in volum e. 

The composition of green coffee is said 
to be roughly 34 per cent cellulose, 10 to 13 
per cent oil, 7 per cent sugar, 14 per cent 
protein, 12 per cent residual water, and 
minor amounts of other components. The 
soluble content of coffee—i.e., the difference 
between dry weight of coffee grounds before 
and after brewing—is about 25 per cent. 
The chief stimulative constituent of coffee 
is of ‘course caffejng ( CsH^N^g) . The 
quantity of this alkaloid supphedTjy a few 
cups of coffee is enough to promote a feel¬ 
ing of well-being and to sharpen mental 
and muscular activity and relieve fatigue. 
There seems to be no habit-forming or 
depressing after-effect, such as is found with 
many other stimulants. The caffeine _content 
of coffee berries from differing species and 
strains ranges from 0 to 3 per cent by 
weight. An "average" caffeine content for 
coffee is possibly about 1.5 per cent. Coffee 
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has been used medicinally for centuries, 
having an effect on blood pressure, pulse, 
sensory perception, and other functions. 

The best and most productive coffee is 
grown in highland habitats, where con¬ 
stant, moderate temperature and frequent 
mists seem to benefit the plants. Coffee 
trees demand fertile, well-drained soils and 
moist climates for best growth. Generally 
they are planted in rows about 9 ft. apart, 
from seeds or seedlings started in seed 
beds, and come to bearing age in about 
five years. Only in Java have serious at¬ 
tempts been made to improve quality, yield, 
and disease resistance by an organized 
breeding program. Even there selected 
grafted stock, usually with the disease- 
resistant but inferior quality robusta back¬ 
ground, is not generally available. Shade 
is usually provided for coffee, frequently 
in the form of Leguminous trees (such as 
Gliricidia) that also benefit the soil. In 
many less progressive areas the coffee is 
intercropped with bananas or figs; and in 
southern Brazil no shading is used after 
the first year. In Haiti coffee is planted 
by primitive methods and let grow prac¬ 
tically wild under shade of the natural 
cover of the mountain slopes. The fruit 
is harvested by peasants when they need 
money, and dried and milled according to 
procedures that are centuries old. 

. In Brazil and Central America the plants 
are cultivated by hand to control weeds, 
from seedling stage on, and in managed 
plantings are given fertilization every few 
years if possible. Coffee trees may live a 
half century or more, but are generally 
productive only for about 25 years. Unless 
proper conservation measures are taken, 
coffee plantings are destructive of soil. It 
is reported that many of Brazils finest soils 
in Sao Paulo are on the verge of exhaustion 
because of prolonged cropping with coffee. 
The growing of coffee follows, unfortu¬ 
nately, the general rule in the tropics- 

#*• 


the clearing of virgin land, its exhaustion, 
its abandonment. 

A good deal of hand labor is generally 
needed for coffee growing. It is estimated 
that one man per hectare (about 2.5 acres) 
is required, although most plantations 
manage with a smaller proportion. Plant¬ 
ing, pruning or training, and picking of 
the berries are all hand operations. The 
fruit should be picked as it ripens. Thus 
several pickings must ordinarily be made 
from the same tree, increasing labor costs. 
In Brazil little care is taken in picking: 
usually the whole branch, including leaves, 
green fruits, and buds is stripped between 
thumb and forefinger. Strippings are simply 
dropped to the ground to be swept up later, 
perhaps winnowed by throwing them in 
the air, and taken to the flotation tanks, 
where the ripe berries float off and green 
berries and heavy debris sink. Mechanical 
vibrators that shake the fruits onto cloths 
spread beneath the trees are coming to be 
used more and more in various parts of the 
world, but even so coffee growing remains 
a cheap-labor industry. 

Conditions on the south Brazilian coffee 
fazendas have been reminiscent of the pre- 
Civil War estates in the southern United 
States. Grounds are spacious and well 
equipped with stables, swimming pools, ten¬ 
nis courts, 5-8 course meals and luxurious 
modern houses for the owner. An equally 
large home is sometimes maintained in 
Rio de Janeiro, and before the years of 
coffee surplus usually another in Europe 
where part of the year was spent and the 
children were educated. Workers are fur¬ 
nished housing, and usually schools, general 
store, repair shop, etc. on the plantation. 
Many of the staple foods for the workers 
are grown on the property. 

The coffee industry, although it has be¬ 
come important only within the last few 
centuries, has had many problems to face 
m that tune. The susceptibility of the plants 
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to disease is of course one: coffee was 
eliminated by disease in Ceylon at a time 
when this island was the foremost producer 
of the bean. At other times surpluses have 
plagued the industry. During the 1930‘s 
heavy surpluses in Brazil threatened to un¬ 
dermine prices and endanger the economic 
structure ol the nation to such an extent 
that the Brazilian government purchased 
millions of sacks ol beans (and later burned 
them). In 1940 an agreement was drawn up 
between the United States and the princi¬ 
pal producing countries establishing pro¬ 
duction and purchase quotas; this agree¬ 
ment, however, was allowed to expire in 
1948. 

In times of scarcity and high prices in¬ 
ferior coffee species such as C. liberica and 
C. robusta have been used as adulterants 
of C. arabica, and during World War II 
even such items as roasted tulip bulbs served 
as a coffee substitute in the Netherlands. 
Chicory has been used in Europe and the 
southeastern United Suites as a coffee adul- 
terant—usually, however, by preference. 
Parched-cereal substitutes for coffee are 
legitimately marketed under a number of 
trade names. 

One of the most interesting side processes 
in the coffee business is coffee tasting to 
determine quality. Sufficient roasted beans 
to balance a nickel, dime, or quarter are 
coarsely ground and covered with a cupful 
of water. The taster then sucks, with a force 
sufficient to spray his palate, about a table¬ 
spoon of the infusion: the taste quality 
decided, the coffee is spit out. Pasters grade 
in this fashion up to 3,000 cups ol coffee a 
dav. Usual grades are Strictly Soft. Soft. 
Sottish, Hard, Free from Rio Flavor, and 
Rio Flavor. Coffees are also designated by 
their place of origin or shipping point- 


\iz., Santos, Victoria, Mocha, and so on. 

It was mentioned previously that five- 
sixths of the world's annual production of 
neatlv 2U million tons (some 40 million 
sacks of about 132 lbs. each) of coffee 
conies from the New World, chiefly from 
Brazil (where coffee constitutes 32 per cent 
of total exports), Colombia (58 per cent of 
exports), and various Central American and 
Caribbean republics (up to 76 per cent of 
exports). Old World production is, to a 
large extent, from Indonesia. About 2 per 
cent of the land of Arabia, the original 
center of coffee production, is devoted to 
the plant, and African production is in¬ 
creasing. The United States is the greatest 
consumer of coffee, importing more than 
half the world production (over a million 
tons). In annual per capita consumption 
the Scandinavian countries lead, with 18 
lbs. per person. From the long-range point 
of view there seems little likelihood that 
coffee consumption and hence demand will 
appreciably decrease from the high reached 
following World War II, in spite of high 
prices. These juices will probably continue 
to stimulate additional planting, to give 
in the near future even greater production 
than at present. If large surpluses occur 
again, chemurgic uses can very likely be 
found for the beans. 

2^Ten. Tea or cha consists of the dried 
tip leaves of T hen tCamellia) sinen sis, Tlje^ 
c eae, native to southwestern China and 
"northeastern India. Long used in the Orient, 
at first medicinally, its precise mode and 
date of origin obscured in the dimness of 
antiquity, tea was introduced to Europe 
in historical times (1610 a.d.) by the Dutch. 
It reached the tea-capital-to-be,* London, 
in 1664, and Boston in 1714. In Salem, 
Massachusetts, as in parts of China and 


• Even more than spice, lea was to form the backbone of ihe East India Company, the famed empire 
within an empire. For a most interesting account of the "China trade, "the great wa ™ • , 

historical cents, the reader is referred to W. H. Ike.,, All A hourly (New \ork: lea and Coifec 

Journal Co., 1935). A/ 
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A Ceylon tea hush as it looks after several scars (Courtesy Economic Botany.) 

o( plucking. Against the card arc shown a bud and 
the first two leaves of the twig, which arc harvested 

every 10 days or so. (Courtesy Economic Botany.) layering, and cover-cropping are practiced 

to a greater or lesser extent, according to 
Mongolia today, not only was the infusion local custom. A portion of the plantation 
drunk, but the extracted leaves, mixed with is usually pruned back each year, heavily 
butter and salt, were eaten. the third year from seed, to low, flat-topped 

The tea plant, left unpruned and un- bushes that can be readily reached for 
plucked, grows as high as 10 m. It bears plucking. After ten years the plants are 
thick, alternate, elliptic, serrate leaves, often cut back to the ground and suckers 
which possess numerous oil glands contain- allowed to replace the old bush. At four or 
ing an essential oil. Whitish axillary flowers five years plucking starts. This is a hand 
appear singly or in clusters of a few. These operation in which laborers, mostly women 
have the many stamens characteristic of and children, move agilely among the 
the family, and are mildly fragrant. The bushes, a basket suspended from the waist 
fruit is a three-celled capsule, each com- or back, leaving the hands free, and break 
partment ordinarily yielding a solitary seed the twig tips off with skilled fingers. Only 
that is used for most commercial propaga- the terminal two (or occasionally in poorer- 
tion * quality teas the terminal three or four) 

The tea plant thrives best in protected, leaves are plucked. Plucked plants are stim- 
well-drained localities from sea level to ulated to new growth permitting another 
several thousand feet that have tropical or plucking in about two weeks. A worker can 
warm temperate cliriiates with ample rain- pluck 40 to 80 lbs. of leaves per day, an 
fall Seeds are usually started in nursery amount producing 20 lbs. of dried tea. 
beds as forest is cleared for the plantation, .^fcfrvested tea leaves may be treated m 
although sometimes they are planted di- either of two ways-to produce black or 
rectly in the plantation row. When about a green tea. The former, a fermented type, is 
foot high, the seedlings are transplanted the preferred tea in the United States and 
to permanent locations. Any weaklings accounts for 75 per cent of the imports, 
are replaced annually from the nursery. In preparing black tea, fresh leaves, after 
Cultivation, weeding, Jfa tying, fertilizing, stalk and debris removal, are withered for 
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about twenty-four hours on well-ventilated, 
usually indoor racks. The changes that oc¬ 
cur during this withering are little under¬ 
stood. but “tannins” * and other soluble 
substances are more readilv extracted after 

i 

this process. Withered leaves are generally 
sent down chutes to roller machines, which, 
in several rolling and breaking operations, 
rupture the cells, although some rolling 
is by hand—in backward areas even be¬ 
tween the palms. With certain newer rolling 
machines under investigation withering can 
be dispensed with entirely. The rolling 
frees juices and enzymes, permitting oxida¬ 
tion or initiation of fermentation. Rolled 
leaves are spread in cool, moist fermenta¬ 
tion rooms for several hours; here the 
brown color and pleasing aroma develop. 
Finally the fermented leaves are "fired"— 
i.e., conveyed through hot-air chambers, a 
process which reduces moisture content to 
about 3 per cent and turns the product 
black. The tea is then sifted into grades, 
such as Orange Pekoe, Pekoe No. I, Broken 
Pekoe, and so on, and packed for market¬ 
ing. 

Green t ea production is less ela borate: 
die le aves are dried immediate ly, rolled, 
then fur ther dried for m arketing as Gun¬ 
powder, Imperials, and Hyson teas. A tea 
of Formosa known as O olong is a semi- 
fer mented type produced by preliminary 
su n-drying with accompanying rolling. A 
similar semifermented type is j asmine t ea, 
prepared by spre ading jasmine flowers over 
the dried leaf, which absorbs their fra¬ 
grance. Brick tea is a cheap, twiggy, coarse, 
fermented type of Central Asia that is 
pressed into briquets. Tablet tea is made 
from the fine residual dust left from the 
screening of better grades. In addition to 
designations of grade, tea labels usually 
indicate the locale of production as well. 
The qu ality of the tea leaf is dependent 

•These tannins are not the same as those used ii 



I ca pickers of Darjeeling, India, often wear shade 
hats to prevent premature withering of the leaves 
gathered for green tea. (Comtesv Economic Botany.) 


not only upon ca re ta ken in cultivation and 
p rocessing , but also up on soils an d upon 
the ele vation at which the t ea is gro wn. The 
flavor of tea is due to essential oils of die 
leaf, but its stimulative properties stem from 
the alkaloid theine (identical with caffeine, 
C 8 H„,N 4 0 2 ) which occurs in the leaf in a 
concentration of 2 to 5 per cent. Commer¬ 
cial caffeine is, in fact, obtained from dam¬ 
aged tea and tea wastes. High tannin 
content, such as occurs in Brazilian teas 
(15 per cent or more) is considered desir¬ 
able, to give “body” (color, pungency) to the 
beverage, lea ready for market contains 
38 to -15 per cent soluble matter, including 
dextrins, pectins, and like substances fur¬ 
nishing some consistency to the liquor. As 
in the coffee industry, a small group of 
professional tasters determine quality and 
uniformity in tea. These men are said to 
develop an amazing ability to recognize 
fiom taste -alone not only country of 

tanning leather, but arc catechin polyphenols. 
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origin but even district, and picking season 
as well. 


Black teas are a product ol India. Ceylon, 
Indo n esia . China. Brazil, as well as cer¬ 
tain other areas: green teas~arc obtained 
Thiefly lrom Japan and Chin a. China leads 
the world in tea acreage and production, 
most tea there being grown on small home 
plots and consumed domestically. The Chi¬ 
nese strains of Then sinensis are planted 
almost exclusively. Tea growing in India, 
Ceylon, and the East Indies is typically on 
large estates, utilizing the Assam strains. 
India is the second greatest producer and 
greatest exporter of tea, followed closely 
by Ceylon, where the interesting switch 
from coffee to tea mentioned in the dis¬ 
cussion of coffee was made in the second 
half ol the nineteenth centurv. Mixed As- 

4 

sam and Chinese varieties are grown in 
Brazil, South Africa, and elsewhere. At¬ 
tempts to initiate tea growing in the south¬ 
ern United States have met with failure 
because of labor costs. World production 
ol tea amounts to about a million tons 
annually, nearly a third of which is im- 
ported by the United Kingdom. The United 
States imports about 50 thousand tons 
yearly. 






1. CQeao. Thcobroma cacao, Sterculi- 
aceae, which is the source of chocolate, cocoa, 
and certain other commercial products, is 
one of the New World’s most worth-while 


gifts to the Old. While originating in the 
Americas, its exact place and mode of 
domestication is shrouded in the mystery 
of prehistoric ages. White man was prob¬ 
ably first introduced to chocolate when 
Cortez invaded the Aztec empire in south¬ 
ern Mexico. Intrinsically more useful and 
hence, from the primitive utilitarian view¬ 
point, more valuable than gold, cacao was 
a tribute zealously exacted by the rulers of 
that bygone empire. Cacao beans often 
served as currency in the Aztec way of life 


and were acceptable for payment of taxes* 
levied even in those ancient Aztec days. 
Montezuma himself took as much pride in 
his wealth ol cacao as in that of his metals 
and finery. The high content of oil, starch, 
and protein ol the beverage made from the 
cacao bean marked this drink as a valuable 
and tasty food—one apparently greatly ap¬ 
preciated by the invading Spanish chieftain 
and his small band. The cacao tree had 
probably been domesticated in Central or 
northern South America by some tribe of 
aboriginals. It spread through tropical 
America under Indian care and promulga¬ 
tion, and, since the time of Cortez, to most 
parts of the world tropics, where today it 
is an item of primary economic importance. 

Since that ancient day when the wild 
and vet unknown ancestor of Theobroma 

A 

cacao was made partner by man, to be cared 
for in exchange for supplying its seed 
to make one of the very lew beverages that 
is food as well as drink, the Old World has 
gradually taken precedence over the New 
in cacao cultivation. Yet approximately 35 
per cent of the world’s cacao still comes 
from the New World. The majority of this 
is from that small southern coastal corner 
of Bafa, Brazil—favored by the gods with 
an unexpected rainforest climate and a soil 
on which cacao is able to grow year after 
year with but the slightest of attention 
from its human partner. Africa principally, 
from the Gold Coast, Nigeria and St. 
Thomas, and to some extent the Far East, 
combine to outproduce the New World to¬ 
day, while Venezuela, Trinidad, Ecuador, 
and Panama compete with Bafa in this 
hemisphere. In the Americas, to many, 
southern Bafa is cacao and cacao is the 
romance of southern Bafa. Here many 
fortunes have been made (or less often lost); 
European capital and exotic buyers have 
been lured to distant, colorful Baia; small 
holdings (rather than large plantations) 
have progressively dotted the rivers and 
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Fruiting cacao tree, (pourtesy Paul H. Allen.) 


malarial tidal soughs, ever further invad¬ 
ing the hinterland in spite of pestilence and 
hardship, while the glamorous history of 
Brazils first capital weaves its story about 
the greedy exploitation of the cacao lands. 

Turning now to the picturesque and most 
important American cacao region,'southern 
coastal Bata,.Brazil, we may briefly glimpse 
“cacao country,.” from estates of growing 
cacao to the marketing of the bean. This 
hilly Baian area, covered in the remoter 
uncleared sections with fine virgin rain- 
foiest of exotic and little-known trees, 
boasts a good soil, often clayey or boggy, 
the fertile residuum of igneous rock par¬ 
entage. Streams are frequent, and in those 
whose headwaters are in the humid forests 
of the cacao country itself the water is clear 
and cool. Roads are few and often impas¬ 
sible. Transportation is mostly by river 
canoe, usually “dugout” from local forest 
trees, or on the tenuous narrow-gauge rail¬ 
road line. Suppose we hire a gasoline 
scooter” and ride on this railroad from the 
coastal port, through second-growth forest 
and palm-studded valleys, by villages of 
mud-walled, thatched-roofed huts and small 
banana plantings, to the cacao orchards 



Cacao flowers, borne on the trunk, and young fruit. 
(Courtesy Paul H. Allen.) 


themselves. A short jaunt by horse will be 
neqessary, through verdant cover, and over 
ancient stone-lined trails (remnants of Bra¬ 
zil's era of slavery and ephemeral colonial 
glory), with the drip of the jungle matching 
the fleck of the hoof-splash as along the 
frontiers of man's invasion of the primeval 
his horse struggles against a damp and un¬ 
certain footing. 

There, in the valleys and along the lower 
hillsides one suddenly finds himself dodging 
branches of the small cacao trees—low- 
crowned and spreading, row upon row but 
a few paces apart—the ground littered with 
their fallen foliage. These small trees ap¬ 
pear to hide themselves in their jungle 
environment, camouflaged with lichens, anf 
growing in the shadow of larger, more 
impressive trees (for cacao trees cannot stand 
the wind and sun and must be planted with 
a protective cover of tall trees whose 
branches arch overhead). Unlike most 
plants, the cacao bears its small flowers from 
little "cushions” on the bare trunk and 
larger branches. Each cushion develops dur¬ 
ing the year a succession of flowers, many of 
which are fertilized and give rise to the 
cacao fruit. The fruits, of which there are 
several varieties, all shaped more or less like 
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Sectioned cacao fruit showing "beans" and sweet 
pulp. (Courtesy Paul H. Allen.) 


a football, have a woody outer husk and a 
sweet central pulp containing several seeds. 
A good tree will bear 70 or more fruits 
during the year. Riding or walking through 
a cacao estate one sees at all seasons at 
least a few large fruits hanging grotesquely 
from bare trunks or branches. 

Now and then a group of laborers is at 
work at some convenient spot near a trail 
or transportation. The cacao fruits have 
been cut down, care being taken not to 
injure the flower-producing cushions, and 
are gathered together in one large pile. A 
man skilled in the use of his bush-knife sits 
silently by the pile and methodically slashes 
and splits the husk of the cacao fruits 
about as fast as they can be picked from 
the pile. A bevy of dark-skinned women, a 
cheaper labor source than men, receive 
the split fruits for the unexacting scraping 
of seeds and pulp from within the husk. 
Pulp and seeds are then taken in suitable 
containers, on the back of man or beast, 
to the curing sheds. 

At the curing sheds pulp and seeds are 
mounded together, or are dumped into 


large indoor boxes or troughs when avail¬ 
able. Omnipresent bacteria and yeasts attack 
the sweet pulp, causing fermentation and 
the inevitable foul odors. This fermenta¬ 
tion releases heat, raising the temperature 
of the fermenting mass many degrees above 
air temperature, a factor of evident im¬ 
portance in effecting proper “cure”—a 
change of certain ingredients of the seed to 
a more aromatic and palatable form. For 
several days such curing continues, as oc¬ 
casionally the mass is worked or shoveled 
over, while a seething liquor drains from 
below. Then, with the sweet pulp gone in 
fermentation, the remaining seeds are 
spread in the sun to dry-carefully watched, 
stirred at intervals, covered in sheds during 
rains. Perhaps a final cleaning and polishing 
is given, and then the seeds, the commercial 
cacao beans, no longer viable after the 
curing process, are sacked and ready for 
marketing. 

Once marketed, after a tedious burro- 
back, train or truck trip to the port, the 
majority of the cacao goes to Europe or 
the United States for further processing and 
manufacture. Some, however, is processed 
in Baia, following the typical procedure of 
roasting, cracking the seed shells, separat¬ 
ing the shells from the kernels, pressing 
the kernels to extract the oils and fats— 
the cacao butter of the trade. Cacao butter 
is one of the finest and most valuable edible 
fats known, suitable for a variety of pur¬ 
poses and often used in the finest of choc¬ 
olates. The “cake” remaining from the 
pressing offers a source of the alkaloid theo¬ 
bromine, a close relative of caffeine, used 
in soft drinks “colas” and for other pur¬ 
poses. Various treatment of the cacao ker¬ 
nels, with partial or no extraction of the 
butter, and special compounding with milk, 
sugar, ground “cake" or shells, produces 
the chocolate, milk-chocolate, cocoa, and 
related products of commerce and your 
grocer’s shelf. 
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Fruiting branch of the cola tree. Cola acuminata. 
(Courtesy Paul H. Allen.) 


World production of cacao amounts to 
more than half a million tons annually, and 
imports to the United States total about 
300 thousand tons. The Gold Coast is the 
leading cacao producer (about 35 per cent 
of world total), followed by Brazil (17 per 
cent), and Nigeria (13 per cent). Swollen 
shoot disease (a virus), however, now 
threatens the industry of the Gold Coast 
with extinction, and this disease has also 
spread to 7 rinidad. Colombia, although it 
supplies only 2 per cent of the world's 
cacao, does have producing stands of Criollo 
-a high-quality but lower- and slower-yield¬ 
ing type than the Forastero variety (which 
accounts for about 85 per cent of world 
production). 

4. Minor nonalcoholic beverages. Cas- 
sine, Dahoon, Yaupon, or Carolina Tea, 
Ilex vomitoria, Aquifoliaceae. This relative 
of mat*, growing wild in the southeastern 
United States, has been used as a source of 
cassina tea, drunk locally, and at times has 

been used for soft drink and ice cream 
flavorings. 

Cola, Cola nitida, Sterculiaceae. The 
cola tree, relative of cacao, is native to 


Branch of the guarann plant. Paullinia cupana. 

(Courtesy Chicago Natural History Museum.) 

tropical western Africa but has been in¬ 
troduced into various parts of the world. 
Its seeds have long been used as a masti¬ 
catory and as a source of flavor and caffeine 
in cola drinks. The species is a moderate 
foiest tree with simple, glossy leaves and 
small axillary cymes of flowers. The star¬ 
shaped fruits, 5 to 10 cm. long, contain 
eight reddish seeds. In the African hinter¬ 
land these are sometimes chewed fresh as a 
stimulant, the caffeine (2 per cent) plus 
certain essential oils and alkaloids serving 
to inhibit fatigue and hunger. Pulverized 
and boiled in water, the seeds serve to make 
a beverage. Propagation is from seed, the 
trees bearing when five to six years old and 
continuing to bear profitably for about 
fifty years. Fruiting usually takes place twice 
a year. Seeds are removed by hand from 
gathered fruits, freed of the seed coats, and 
sun-dried before shipment. Production is 
chiefly from wild African and cultivated 
Jamaican sources. The United States im¬ 
ports nearly a hundred tons of the nuts 
annually, principally for use in ‘'colas." 





Close-up of fruiting, left, and flowering, right, branches of Ilex jtaraguariensis. 

(Courtesy Economic Botany.) 


Guarana, Paullinia cupana, Sapindaceae. 
Guarana, the "cola” of Brazil, contains 
several times as much caffeine (5 per cent) 
as does coffee and twice as much as tea, to 
say nothing of a good proportion of tannin 
(5 per cent). Reputedly a single cup is suffi¬ 
ciently stimulating to counteract feelings 
of extreme fatigue. Paullinia cupana is a 
trailing shrub or vine found cultivated and 
wild in the northern part of South America. 
It has pinnate leaves, inconspicuous flowers, 
and hard, small, triangular fruits that are 


the source of guarana paste. Plantings are 
made from seed and are desultorily tended. 
The fruits are picked by hand from October 
to December and are pulverized to form a 
paste that is usually shaped into bars or 
cylinders before drying. These are later 
used in solutions to provide the beverage. 
Production is chiefly from the Brazilian 
state of Amazonas and amounts to a few 
hundred tons annually. If supply could 
match demand, guarana would doubtless 
be widely accepted in temperate markets. 
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Kavakava, Piper methysticum, Pipera- 
ceae. A beverage containing sleep-produc¬ 
ing alkaloids is prepared from the masti¬ 
cated roots of this species, widely grown in 
the Pacific islands and an integral part of 
the religious and social life there. 

Khat, Catha edulis, Celastraceae. Leaves 
of this species of northeastern Africa have 
long served in Arabia to make a tea and 
masticatory. They contain a stimulating 
alkaloid similar to caffeine. 

Mate, Ilex paraguariensis, Aquifoliaceae. 
Mate, also known as Paraguay tea, Jesuit 
tea, matte, is a moderate-sized tree of south¬ 
ern Brazil, Paraguay, and northern Argen¬ 
tina, and is found both wild and extensively 
cultivated. The species was in use for bev¬ 
erages among the Guarani Indians long 
before the Conquest, and is today one of 
the chief beverages of southern South Amer¬ 
ica. Modest quantities are exported to 
Europe and North America, but cannot 
compete there with tea and coffee. 

Mate is made by trimming most of the 
terminal branches from either wild or plan¬ 
tation trees. 1 hese are commonly "toasted" 
over open fires to reduce moisture content 
and to coagulate or vaporize resins or other 
substances. I he smaller twigs and leaves 
are next removed, dried by any of several 
methods (commonly by a stream of hot air 
or on platforms over open fires), and the 
leaves threshed free of twigs and debris (in 
machines or by beating over canvas). A final 
aging that helps develop flavor and aroma 
precedes blending, packaging, and possiblv 
re-drying. 

The beverage is prepared much as is tea 
or, in the hinterland, by pouring cold water 
over coarse leaf. Every gaucho or traveler 
carries a gourd or hollow horn filled with 
mat<$ leaf to provide drink wherever water 
is encountered. A “bombilla," a straw-like 
tube with a perforated bowl, is introduced 
tnto the newly made infusion, and the 
gourd and bombilla passed from hand to 


hand "peace-pipe fashion" among members 
of a party, with no thought for hygiene. The 
gourd is filled several times without renew¬ 
ing die leaf. 

Production of mate amounts to nearlv 

/ 

200 thousand tons annually, of which al¬ 
most half is produced (largely on planta¬ 
tions) and two-thirds consumed in Argen¬ 
tina. Brazil is the largest exporter; exports 
(mostly from wild stands) amount to more 
than 50 thousand tons annually. A certain 
United States importer at one time im¬ 
ported more than 5 thousand tons in a 
single order, to be used for extraction of 
caffeine (over 1 per cent of the leaf), vita¬ 
mins. and chlorophyll dye. Some United 
Stales firms have also used mate as a base for 
a soft drink. 

New Jersey 1 ea, Ceanolhus americanus, 
Rliamnaceae. Leaves of this shrub of the 
eastern United States were used as a tea 
substitute in the early years of the Republic. 

Sarsaparilla, S mi lax spp., Liliaceae. The 
roots of these tropical American vines serve 
as medicinals and beverage flavor. Produc¬ 
tion is principally from wild or cultivated 
vines of Mexico, Honduras, Costa Rica, 
Ecuador, Peru, and Jamaica. Wild plants 
are usually pulled up, the roots cut and 
cleaned. On plantations a hole is dug about 
the base of plants two or more years old and 
only a portion of the roots is removed. 

Sassafras. Sasm(m< albidum (S. varii- 
folium), Lauracea e. Aromatic bark of the 
sassafras was an important export from 
colonial America to Europe for use as a 
medicinal tea. In rural areas of the eastern 
Unued States it is still frequently so used. 

Miscellaneous. Many plants, in addition 
to those mentioned, have at one time or 
another yielded nonalcoholic beverages con¬ 
sumed locally. To list only a few: Athrisca 
phyhcoides leaves and Treculia africana 
seeds m Africa; AtUhemis uobilis, Sideritis 

Spp -\ and Tilia ^p. leaves and Cyperus 
esculent us tubers in Europe; soybean milk 
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in Manchuria; Colubrina reclinata bark in 
Haiti; Lippia citriodora leaves in Chile; 
Dictamnus a lints. Fragaria Gaultheria 
procumbens, Lindera benzoin. Mentha 
piperata. Micromeria donglasii. Monarda 
didyma, Rubus occidentalis, Solidago odora, 
and Thymus serpyllum leaves in the United 
States; and so on. Parched flour of cereals, 
nuts, legume seeds, and the like serves to 
make many beverages of local importance. 
Coffee substitutes such as Postum are of this 
type. Locally, by-products of other crops or 
industries serve as beverages. For example, 
juice expressed from sugar cane is often 
drunk, as are various nonalcoholic deriva¬ 
tives from chicha-making (see Alcoholic 
beverages, p. 522). 

It is apparent that many of the temperate 
and tropical fruits mentioned in the pre¬ 
vious chapter serve primarily as a source 
of fruit juices (viz., naranjillo, soursop, 
granadilla, and the like). Although once of 
considerable importance, use of natural 
fruit juices as beverages has declined in 
recent years. Cider and grape juice are 
sometimes used as beverages, but citrus, 
pineapple, “vegetable," and tomato juices 
serve more in the role of a breakfast fruit 
or appetizer than as a “beverage.” The place 
of natural fruit juices has been usurped to 
a large extent by synthetic soft drinks em¬ 
ploying synthetic flavors. Especially in the 
United States have carbonated beverages, 
consisting of water charged with carbon 
dioxide, sweetening, and natural or artifi¬ 
cial flavor, overrun the country. "Ginger 
ale" is flavored with ginger-capsicum ex¬ 
tract; "root beer" with caramel, sarsaparilla, 
wintergreen, and other aromatics; "colas" 
with secret formulas utilizing caffeine or 
similar alkaloids and sometimes extracted 
coca leaf (see Cocaine, p. 280); and so on. 
Most cherry, strawberry, grape, cream, or 
other types of soda are synthetically flavored 
md artificially colored. 


y 

(Mpoholie Beverages 

No category of plant products is more 
involved in the customs and traditions of 
mankind than alcoholic beverages. They 
have been regarded as everything from 
blessing to scourge. In modern America, a 
country in which alcohol as a beverage is 
perhaps used with dubious discretion, there 
is something mildly wicked yet fascinating 
about it. In the older cultures of Europe 
alcoholic beverages are a usual and ac¬ 
cepted drink, particularly with meals: who 
can imagine the Frenchman or Italian with¬ 
out his table wine or the northern European 
without beer? Per capita consumption of 
beer in parts of northern Europe averages 
more than a pint per day. 

In other parts of the world, too, fer¬ 
mented beverages are basic in the life and 
customs of the people. Amazonian Indians 
brew ceremonial beverages from semipoi- 
sonous manioc juice; Andean workers seek 
out the ubiquitous chicha shops; Pacific 
peoples partake of kavakava in rituals fun¬ 
damental to the race; Orientals prepare a 
toddy from the palm tree. Among early 
peoples, before the advent of selected seed 
plants, fermentation may even have been 
essential for "predigestion” of the hard, 
low-quality food seed collected in the wild. 
Some authorities believe that yeast, man's 
favorite agent of fermentation, was probably 
the first domesticated plant; it was carried 
by the Polynesians, for example, from island 
to island for use in making pulverized pre¬ 
cereal seeds more readily digestible. 

It was not until the nineteenth century, 
however, that the art of fermentation be¬ 
came the science of fermentation. Pasteur’s 
fundamental research es tablish ed the im¬ 
portance of microorganisms in transforma¬ 
tion of organic matter, and since his epochal 
work industrial fermentations have become 
increasingly better^ understood and have 
assuni&t—increasing importance in the 
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modem economy. They are today a widely 
expanding field, but one still in a state of 
flux. Production of beers, wines, and spirits 
has become a highly regulated and mecha¬ 
nized procedure, capable of yielding con¬ 
stant-quality products. These products are 
consumed by all classes of people, in the 
home and in public places. Their flavor 
usually stems from minor quantities of 
aromatics and other rather complex organic 
substances. Their stimulative properties, of 
course, come from ethyl alcohol. C»H 3 OH. 
■Alcohol in excess first causes cerebral excita- 
tion, followed by depression and dulling of 
the senses. It is thus not a “stimulant" in 
the same sense as caffeine. Ethyl alcohol 
can be readily derived from carbohydrates, 
by anaerobic respiration of the yeast plant. 
It is of great importance not only as a con¬ 
stituent of alcoholic beverages but also as 
an industrial raw material for use in every¬ 
thing from antifreeze to plastics. 

In subsequent pages alcoholic beverages 
will be taken up under the respective head¬ 
ings of (1) beers, (2) wines, and (3) distilled 
beverages. 

Beer s and beer-like beverages: un¬ 
distilled alcoholic beverages from grains or 
other nongrape sources. 

Beer. Beer as commonly produced is a 
malt beverage-i.e., it is brewed from malt, 
the germinated seeds especially of barley. 
To the malt are generally added adjuncts 
-usually rice, maize, other of the cereal 
grains, potatoes, or manioc-and hops for 
flavoring. (The cereals have been discussed 
at length in another chapter, and hops have 
been mentioned in Chapter 11. Immense 
fields of hops are planted under irrigation 
in California, the vines mechanically 
gathered, and the resinous leaves and bracts 
separated from stem and debris in special 
‘'threshing" devices.) Thus most plant prod¬ 
ucts entering directly into the making of 
beer have already received attention, with 


die exception of the essential ferment, 
yeast. A flow sheet for the brewing process 
is given on page 523. 

Successful beer making involves consider¬ 
able experiencq*and skill, especially in the 
malting and fermenting. In brief the pro¬ 
cedure is as follows. Quality barley is 
thoroughly cleaned in blowers and sieves, 
then washed and steeped in huge vats of 
water for as long as two days. Germination 
of the barley grain starts and proceeds for 
four to six days thereafter in special germi¬ 
nating drums where humidity and tempera¬ 
ture can be controlled. After the primary 
root has developed but before the coleoptile 
has been ruptured, germination is cut short 
by a carefully regulated drying sequence in 
special kilns, at final temperatures of abdlit 
180° F. During germination the barley 
sprouts develop enzymes, especially diastase, 
capable of hydrolizing starch or other com¬ 
plex foods to simpler products such as 
sugar. Most of the starch of the original 
barley has been changed into sugar during 
malting, and the hydrolizing enzymes are 
retained in the quickly dried malt. Higher 
temperatures during the kiln-drying pro¬ 
duce a darker, caramelized malt used for 
bock-type beers. 

Malt is next sent to the brew house, 
where up to 35 per cent of adjuncts (rice, 
corn, or other carbohydrate source) may be 
added in making mash. The measured 
quantity of pure water in which the pul¬ 
verized mash is soaked at moderately high 
temperatures (about 75° C.) becomes wort, 
containing many soluble substances from 
malt and adjunct dial will later afford food 
for yeast. The malt enzymes are, of course, 
instrumental in making insoluble materials 
in the adjunct soluble. Spent grains left 
after the wort is drawn off (in "lauter tubs") ' 
can be used in stock feeds. The wort is 
boiled with hops for two to three hours, to 
give the bitter flavor characteristic of beer, 
to clarify die liquor (coagulate high-molec- 
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ular nitrogenous substances), and to in¬ 
crease its keeping qualities. 

Cooled wort is conducted undei sterile 
conditions to starting cellars, where meas¬ 
ured quantities ol yeast, S najuiwjnyces 
cei rvisiar, As comycctc s, Iroin a previous 
brew are introduced in large tanks at cool 
temperatures. I here lermentation begins, 
the yeasts acting upon sugars ol the wort to 
produce carbon dioxide, alcohol, and other 
organic compounds having a characteristic 
flavor. Differing strains ol yeast vary in the 
flavors produced, and precisely on this 
account selected strains are highly prized. 
1 he carbon dioxide may be saved lot later 
carbonation or lor other purposes. After 
about a day in the starting cellar the green 
beer is transferred to lagering cellars, where 
secondary fermentation may proceed for 
several days. Various suspensions coagulate 
and float oil as a scum, along with spent 
yeast cells. The young beer is then usually 
aged for a matter ol weeks or months. Gen¬ 
erally, just before bottling or kegging, a 
small quantity of green beer is introduced 
along with beech wood chips (nucleus for 
yeast growth) to ellect a final rapid lermen¬ 
tation and resultant carbonation, or carbon 
dioxide may be introduced under pressure 
to provide the same effect. All filtering and 
piping proceeds against a back pressure of 
carbon dioxide, so that the beer cannot 
undergo oxidation and always remains suf¬ 
ficiently carbonated to give a good head of 
foam. The product is then ready for market¬ 
ing. Chemically it is largely water (about 90 
per cent), plus up to 5 per cent ethyl al¬ 
cohol and smaller quantities ol maltose, 
nitrogenous substances, gums, dextrins, and 
so on. 

Nearly 100 million barrels (31 gals, to a 
barrel) ol beet are produced in the United 
States annually. World production is several 
times this amount. American beers are 
usually clearer and lighter than European 
beers. 


Other malt been 

Air. Ale is a beer produced by "top fer¬ 
mentation"—i.e., by yeasts floating on the 
surface ol the wort rather than working at 
the bottom ol the tank. It is usually of 
higher alcoholic content, paler, and more 
tart, and possessing a higher hop concen¬ 
tration than beer. 

Kvass or Qiavs. Kvass is a Russian beer 
made ol barley and rye, with peppermint 
flavoring. 

Pom hi or Bousa. Pom he results from 
spontaneous fermentation of sprouted mil¬ 
let grain, especially in Africa. 

Porikr. Porter is a dark, sweetish ale 
produced, as is bock beer, from caramelized 
malt. 

Stoit. Stout is a porter of somewhat 
higher alcoholic content and stronger hop 
flavor. 

Wkiss. Weiss is a light, malty ale made 
mostly Irom wheat. 

Usually unmalted beers. 

Chicha. There are a number of South 
American beverages, a few of them nonalco¬ 
holic (Irom toasted corn, peanuts, quinoa, 
and so on), that are designated by the 
Spanish word cliiclia. Alcoholic chichas may 
be fermented Irom maize, manioc, plantain, 
potatoes, palm fruits, and the like. Malt to 
provide enzymes is not generally made, 
saliva instead usually supplying the neces¬ 
sary diastase for conversion of starches to 
sugar. The custom is thus to masticate mate¬ 
rials that are to become chicha and permit 
semispontaneous fermentation to follow. 
This method has been termed the “chew- 
and-spit” process of beer production. It is 
widely used in backward parts of the Ameri¬ 
can tropics. 

In the more elaborate chicha production 
ol the Andean highlands, maize is pul¬ 
verized to flour; the flour is then worked in 
the mouth with little chewing. The salivated 
flour, usually with some "adjunct," is 
emptied into earthen pots. Water is added 
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BREWING FLOW SHEET 


MALTING < 
to create 
diastase 


r 

Barley cleaned and graded 

i 

Steeped 2-3 days to moisten grain 

i 

Germinated 5-6 days In rotating drums under controlled 
temperature and humidity to produce enzymes in grain 

1 

Dried in kilns 48 hrs., the temperature 
gradually increasing to 160°-180° 

\ 

Stored 20-30 days 

i 

Ground and screened 


Adjuncts (rice, wheat, corn, etc.) 
cleaned and stored 


t 

Ground 


MASHING 


Hops added 


Water and adjuncts 
(sometimes syrup ) added 


Steeped 2-6 hrs. while enzymes from 
malt saccharify mash (predigestion) 


i 


Mash strained and rinsed (sparged ) in lauter 
tub or mash filter to obtain liquid wort 


BREWING 




Wort and hops boiled 2-2 1/2 hrs. Results: 

1) wort sterilized and enzymes destroyed 

2) some excess water evaporated 

3) flavor is imparted by hops, while some 
disagreeable matter is distilled off 

4) coagulation of proteins by heat (hot break ) 

5) caramelization causes some darkening 




Hop-wort strained and cooled 
(37 -49°F. for beer, 50°-70°for ale) 


L 


Wort fermented in-aUrting cellars 
Beer- 8-U days, bottom fermentation 
Ale- 5-6 days, top fermentation 


Spent grain used 
for cattle feed 


- Cultured yeast added 


Skimmed 


KRAEUSENING 


» 

Layering at low temperatures with beech cnlps 
Sedimentation and maturation occur 



CO, given off 


Carbonatlon by adding CO, or young beer l kraeusen) 

\ 

{All piping against back pressure of CO,) 


Packaging in barrels, bottles, or cans 

(F ' om Laboratory Guide by Schay, Ntvint, and Uilcktl.) 


and the mixture warmed. After a day the 
liquid above the denser layers of sediment 
is removed, and on the third day this liquid 
is boiled. The jellified portion of sediment 
is caramelized and added to the liquor. 


initiating rather violent fermentation. After 
six more days of diminishing fermentation 
the liquor is considered ready for consump¬ 
tion, the superficial froth (of yeast, oils, and 
other substances) being pushed aside before 
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Agave s/>. under cultivation in Jalisco, Mexico, for fermentation into pulque. 

(Courtesy Economic Botany.) 


drinking. This troth may serve as a starter 
for fermentation of green chicha, but ordi¬ 
narily the earthen pots, seldom cleaned, 
contain sufficient yeast to make this un¬ 
necessary. Alcoholic content of chicha may 
run as high as 12 per cent, although it 
usually averages about 5 per cent, the same 
as for beer. In many ways production of this 
important South American drink, the an¬ 
nual consumption of which must be reck¬ 
oned as many millions of gallons, strikingly 
parallels the basic but refined techniques 
of beer making previously discussed. 

CiDKR, Hard. The juice of apples allowed 
to ferment spontaneously develops a modest 
alcohol content, to become hard cider. 
Further controlled bacterial fermentation 
produces vinegar. Many fruits the world 
over are utilized to make hard ciders of one 
kind or another. 

Ginger Beer. The acid ginger beer results 
from a bacterial and yeast fermentation of 


a sugar solution containing pieces of ginger 
rhizome. 

Mead. Mead is only indirectly a plant 
product, being fermented from a honey 
solution. It is an ancient beverage used 
especially in Africa and Scandinavia. 

Palm Toddy. Sugary sap from the cut 
inflorescence of a number of palms is 
gathered, especially in the Orient and 
Africa, to be spontaneously fermented to 
toddy. 

Pulque. Pulque, common in Mexico, is 
made by spontaneous fermentation of the 
sweetish juice from crushed Agave leaves. 

Sake. Sake is a Japanese beverage pre¬ 
pared by fermentation of steamed rice. The 
starch of rice is usually hydrolized to sugar 
for subsequent fungus fermentation by in¬ 
oculation with Aspergillus oryzae. A similar 
beverage is made from rice in China. 

Sorgho. Sorgho results from alcoholic 
fermentation of sorghum grain. 




Wine making in the Tyrol. (Courtesy Chicago Natural History Museum.) 


* 


£ Wines: alcoholic beverages obtained 
from fermentation of grapes. 

The story of the grape was told in the 
preceding chapter. But grapes are of more 
economic importance when fermented to 
wine than as a table fruit, and have prob¬ 
ably been so since ancient times. Evidence 
of wine making is rescaled by artifacts of 
prehistoric man. Certainly wines were well 
known to the ancients: and wine is cher¬ 
ished in the ritual of the Christian church. 
A tremendous industry has grown up about 
the science and art of wine making, attain- 
ing greatest magnitude in Europe but also 
important in North Africa, Argentina, and 
California. Europe today produces about 'S 
billion gallons of wine yearly, mostly from 
France and Italy (almost a billion gallons 
each). Algeria produces about a half billion 


gallons, as does also Spain. California pro¬ 
duction amounts to little mote than 100 
million gallons annuallv. less than Argen¬ 
tina. Portugal, and some of the Balkan 
countries. 

Wines may he designated as either forti 
tied or unfortified. Fortified wines arc “cock¬ 
tail" or "dessert" wines stub as port, sherrv. 
and vermouth, in which the alcoholic con¬ 
tent is supplemented bv the addition of 
brandy (distilled alcohol front Iruits) to a 
strength unobtainable bv simple fermenta¬ 
tion. At about 1-1 per cent alcohol content 
the yeast responsible lot fermentation is 
destroyed bv its own by-product. Whether 
fortified or natutal. wines may be further 
classified as dry or sweet (on the basis of 
acid-sugar percentages-largelv a rellection 
of grape variety and prolongation of fer- 
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A California vineyard. (Courtesy Economic Botany.) 




mentation), white or red (depending upon 
pigmentation and anthocyanin extraction 
from the grape skins), still or sparkling 
(referring to carbonation of the beverage- 
fortified wines are always still or uncar¬ 
bonated). Further classification of wines 
may be made on the basis of country of 
origin, grape variety, vintage, and vinifica¬ 
tion practices. Well-known white wines, 
unfortified, include Riesling (Germany); 
Tokay (Hungary); Chablis, champagne, 
sauterne, and white Burgundy (France); 
Chardonnay, Sauvignon blanc, and so on 
(California). Widely known red table wines 
are Burgundy and claret (France); Chianti 
(Italy); cabernet and zinfandel (California). 

As in making beer, yeast is the plant 
responsible for fermentation of wines. 
Sugars in the grape juice are changed to 
alcohol, and desirable flavor overtones are 
developed, through activity of strains of 
Saccliaromyces ellipsoideus, the wine yeast. 
Also as with beer, undesirable strains of 


yeast, bacteria, and molds must be kept 

from the fermentation to insure uniformity 

/ 

and quality of the product. Mechanically 
expressed and settled grape juice (termed 
must) is generally inoculated with pure cul¬ 
ture yeast, and at the same time pasteurized 
or treated with small quantities of sulfur 
dioxide to check growth of undesirable 
organisms. Fermentation proceeds for sev¬ 
eral days in huge vats, during which occa¬ 
sional agitation may be necessary to assure 
complete extraction of tannins and pig¬ 
ments from the pomace. Red wines are 
fermented with the skins included in the 
must (at least in the beginning) to give 
maximum color and aroma. White wines are 
fermented from free-run must only. After 
preliminary fermentation the must is trans¬ 
ferred to closed vats where fermentation 
usually proceeds at rather low temperatures 
in the presence of carbon dioxide. 

Sparkling wines such as champagne are 
formed by addition of sugar to a suitable 



Hu S c redwood tanks for a K in K of standard wines. (Courtesy Economic Botany.) 


fermented and clarified table wine, initiat¬ 
ing a new fermentation in a tightly closed 
bottle or container. Since the carbon dioxide 
cannot escape, the wine becomes carbonated 
—i e., sparkling.” Sediment caused by this 
*cond fermentation is worked onto the 


cork by turning the bottles and is removed 
before marketing. Vermouth is a special 
"me that has been blended with aromatic 
and bitter flavors, such as coriander, bitter 
orange, wormwood, quinine, calamus, gen¬ 
tian, cloves, and the like. 
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Newly fermented wine, drawn off from 
the pomace or lees (racking), is usualls aged 
in wooden casks for periods sometimes last¬ 
ing mans years, depending upon the type 
of wine. Some sedimentation occurs; in 
consequence at least one and sometimes 
more than one new racking is advisable. 
Complex chemical changes occun ing during 
aging improve the bouquet of the wine. If 
aging is insufficient to clarify the wine by 
causing complete deposition of suspensions, 
the wine is “fined” (treated with gelatin or 
a similar substance) and filtered. By-prod¬ 
ucts of wine making include pomace (for 
fertilizers), and cream of tartar and alcohol 
(both obtained from the lees). 

Chemically wines are largely water (70 
per cent or more). Table wines contain 
about 14 per cent alcohol; dessert wines 
about 20 per cent. Dry wines contain less 
than 0.2 per cent sugar, barely susceptible 
to taste; sweet table wines may contain up 
to (i per cent sugar, and sweet dessert wines 
as much as 18 per cent. Acidity of wines 
ranges from practically nothing to about 
0.05 per cent. Various organic compounds 
responsible for bouquet are found as traces, 
as are minerals that may be of some value 
in promoting good health.* 

Using the term broadly, fermented juices 
of fruits other than grapes are sometimes 
called wine: thus one hears of blackberry, 
elderberry, cherry, and other wines. Tech¬ 
nically, however, these are considered hard 
ciders. 

3. Distilled spirits. Under the heading 
of distilled spirits come the many potable 
alcoholic beverages whose alcohol content 
is increased by distillation beyond the per¬ 
centage obtainable through natural fer¬ 
mentation. I he process of distillation in¬ 
volves heating of a fermented product at 


regulated temperatures, usually in a copper 
still, and condensing the fractionated alco¬ 
hol in worm condensers. This alcohol is 
accompanied by various volatile substances, 
which have similar boiling points, and 
these impart the distinctive character to 
whiskvs, rums, brandies, and similar spirits. 
The process sounds simple, as indeed it is 
il used simply to derive alcohol. Skill and 
experience are needed, however, to produce 
a standard, well-flavored beverage, in which 
minute traces ol substances other than al¬ 
cohol must be correctly blended and aged 
to give the desired flavor. Such skill is not 
a secret solely of the modern age, for cen¬ 
turies before Christ, in Egypt, China, 
Arabia, and elsewhere, beverage distillation 
was a prized art. By the tenth century a.d. 
efficient stills had been developed in Arabia, 
and in 1826 Robert Stein of Scotch whisky 
fame invented the patent still. Alcohol has 
often been condemned, but in itself it seems 
to be in no way harmful. In small quantities 
it is relaxing; in excess, however, it nar¬ 
cotizes parts of the brain and thus may lead 
to many social problems. More than 300 
million gallons of distilled spirits are pro¬ 
duced annually in the United States; al¬ 
most half of this is in the form of whisky. 

Brandy. Brandies are obtained by distil¬ 
lation of wine or fermented mash of fruits, 
the distillate being suitably aged in wood. 
They usually contain 40 to 50 per cent 
ethyl alcohol. Legend has it that an enter¬ 
prising Dutch shipmaster invented brandy 
in an attempt to make a wine concentrate 
for easier shipment to Holland. In Holland 
the product was reportedly so esteemed 
that it was decided not to dilute the distil¬ 
late back to “wine.” Cognac is perhaps the 
most famed brandy; it is made in the ancient 
city of Cognac on the Charente River, in 
France, from fine wines of the region. Other 


• The Bordeaux wine district of France boasts twice as many octogenarians and golden wedding cele- 
brations per unit ol population as all the rest of France. Some like to attribute this fact to the dai y 
consumption of claret by the district's inhabitants. 
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well-known brandies include amiagnac; 
Spanish, Greek, and American brandies; 
kirsch (cherry) brandy: calvados or apple¬ 
jack; and slisovitz (plum) brandy. Brandy 
is usually consumed as an after-dinner 
drink. 

W'hiskiks. just as it was natural that 
brandies should be made in grape-growing 
areas, so whiskies arc lound in cereal-con¬ 
suming regions, for whiskies are the dis¬ 
tillates of grain fermentation suitably aged 
in (white oak) wood. Whiskies usually con¬ 
tain about 50 per cent alcohol. Scotch 
whisky is prepared largely from barley that 
has been malted, mashed, fermented (proc¬ 
esses already described in principle for 
beer), distilled, matured, and blended. The 
malt is usually smoke-cured over open peat 
fires. Irish whisky is almost identical with 
Scotch, but the malt is kiln-dried. 

American whisky was early made in the 
colonies, and a tax imposed upon it in the 
time of George Washington led to the 
"Whisky Rebellion." Whisky makers moved 
into Indian territory to escape taxation 
and in so doing came upon the finest 
whisky-making areas in the country, in 
western Pennsylvania, Indiana, and Bour¬ 
bon County, Kentucky. These localities 
owe their pre-eminence largely to the qual¬ 
ity of the well water used, water that has 
percolated through limestone rock. Maize 
is the chief grain utilized, and only a small 
amount of malt is added to the pulverized 
corn, the mash being cooked during conver¬ 
sion of starches. Fermentation is by Sac - 
charomyces cerevki ae . the beer yeast, ai- 
though bacteria play a part in developing 
the flavor. This distillate is aged in charred 
white oak barrels to give color and better 
flavor to the product. Bourbon or corn 
whisky contains not less than 51 per cent 
corn grain in the mash, rye whisky not less 
than 51 per cent rye, wheat whisky not less 
than 51 per cent wheat, and so on. Any 
of these may be blended with others, or with 


"grain neutral spirits" (ethyl alcohol). "Bot¬ 
tled in bond" is no guarantee of quality, 
but simply indicates that the whisky has 
been aged at least lour years in a bonded 
warehouse. 

s'Gins. Gins differ from whiskies and 
brandies in that the flavor is not carried 
from the fermented mash but is added from 
aromatic sources, principally Juniperus 
"berries." before or alter distillation of the 
alcoholic fraction. The mash is usually a 
maize-malt-rve mixture similar to that used 

for whisky, but may occasionally be molasses 

* * * 

or another carbohydrate source. Nor is 

4 

aging necessary to produce flavor in gin. 
Flavoring materials (or essential oils de¬ 
rived from them) often added, in addition 
to the juniper cones or "berries" hand- 
gathered principally from Juniperus com¬ 
munis, include coriander, cardamon, ange¬ 
lica, anise, bitter almonds, caraway, cala¬ 
mus, cassia, fennel, orris, licorice, sweet and 
bitter orange peel, and so on. Gins contain 
not less than 40 per cent alcohol. Dry gins 
are unsweetened (London dry gin); Old 
Torn gins have syrup added. In Holland 
gins the aromatics are included with the 
mash; in United States gin the distilled 
alcoholic vapors pass through a "gin head" 
containing the flavoring agents. Sloe gin is 
secondarily flavored with blackthorn fruit 
(Prunus spinoza) instead of juniper, and is 
thus^really a liqueur. 

Rl'-ms (Ron, Rhum). Rum is a potable 
beverage distilled from fermented sugar • 
cane juice or molasses and suitably aged in 
wood. It probably originated in the Oriental 
tropics, but mention of rum especially 
brings to mind the buccaneering of the 
Caribbean and the Yankee Clipper trade. 
Rums of Cuba, Haiti, the Dominican Re¬ 
public, Puerto Rico, and the like are gen¬ 
erally light-bodied and distilled at high 
proof, and frequently have caramel, fruit 
flavor, or perhaps cognac added before 
marketing to give color and added flavor. 
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Rums of Jamaica, Trinidad. Martinique. 
Barbados, and the like are generally heavy- 
bodied; they are made from spontaneous 
fermentation rather than with cultured 
yeasts, and the molasses bouquet and "im¬ 
purities'' are carried over in distillation. As 
with other rums, caramel is added for color. 
Raw, imaged rum is known as aguardiente 
or caxa^a (Brazil), and is commonly a drink 
ot the poorer classes. Batavian Arak is a 
rum made by special treatment (such as 
addition ol Javanese rice cakes) from molas¬ 
ses of the East Indies sugar mills. Bacardi is 
perhaps Cuba's best-known rum. 

Liqueurs or Cordials. Liqueurs were 
the invention of the alchemists, before the 
age of chemistry, and like gin were believed 
to have magical elixir and love-potion prop¬ 
erties. They aie made by combining brandy¬ 
like spirits with any of many flavorings 
(from fruit to medicinals) and sweetened by 
the addition ol 2 i/ 2 per cent or more sugar. 
Fruit liqueurs are made by steeping Iresh or 
dried fruits in brandy for several months, 
after which the product is then strained 
and usually aged. Thus are made apricot, 
peach, cherry, strawberry, and other fruit 
liqueurs. Liqueurs made with various 
aromatics are usually produced by macerat¬ 
ing the aromatics in the brandy and then 
distilling the latter. Additional flavorings 
and colorings may be added after distilla¬ 


tion. as is done in making creme de menthe, 
creme de cacao, and the like. Benedictine is 
a liqueur compounded (according to a 
secret formula handed down since 1510) 
on a cognac base. Chartreuse is another 
liqueur, originally made by French monks 
ol a convent at Grenoble, but after their 
expulsion produced at Tarragona, Spain. 
Scores of other distinctive liqueurs are 
likewise marketed, including cointreau, 
kummel, Curasao, triple sec, and many 
others. 

Miscellaneous oilier spirits. 

Absinthe— a strongly alcoholic (nearly 70 per 
cent) liqueur-type beverage made in Spain from 
high-proof brandy, wormwood, and other aro¬ 
matics such as fennel, artemisia, and the like. 

Akvavit—an imaged Scandinavian beverage 
distilled from grain or potato fermentation and 
flavored with caraway. 

Bitters- tonics containing about 10 per cent 
alcohol, made principally in the West Indies 
from herbs (including gentian) and usually used 
to flavor mixed drinks. 

Oltolehao or Olie—a Hawaiian distillate from 
a molasses-rice-dasheen ferment, aged in charred 
barrels. 

Tequila- the distillate from certain species of 
Mexican Agave, first fermented much as is 
pulque (see p. 524). 

Vodka— an imaged, unflavored Russian distil¬ 
late made from a wheat-malt mash. 


SUGGESTED SUPPLEMENTARY READING 

Dahlgren, B. E., "Coffee,” Field Museum of Natural History Botanical Leaflet 22 (Chicago), 1938. 
Grossman, H. F.. Guide to Wines, Spirits, and Beers (New York: Charles Scribner’s Sons. 1943). 
W. H. Ukers, All About Coffee (New York: Tea and Coffee Trade Journal Co., 1922). 

___ ^il About Tea (New York: Tea and Coffee Trade Journal Co.. 1935). 



CHAPTER 21 


Of Microorganisms and Miscellanea 


The final ciiafikr of this book will be 
concerned with several miscellaneous sub¬ 
jects involved in man's use ol plants—sub¬ 
jects that do not fit well into any of the 
categories discussed in previous chapters. 
The industrial use of microorganisms: 
aquatic plants for food and fisheries: mush¬ 
rooms: chemurgy (a recently named fusion 
of industrialized chemistry and agriculture): 
human allergies caused by hayfever plants: 
weeds; wild herbs; and several other topics 
-all merit discussion at this point. A sum¬ 
mary treatment will be given here. For 
further information the reader is referred to 
the bibliography at the end of this chapter. 

Microorganisms 

Fungal microorganisms. As a logical 
transition from beverage fermentation dis¬ 
cussed in the preceding chapter, it is ap¬ 
propriate to begin here with a brief survey 
of the newly expanded held of industrial 
microbiology. The alcoholic and tea, coffee, 
and cacao fermentations (Chapter 20), yeast 
baking (Chapter 16), antibiotics (Chapter 
12), hide dehairing (Chapter 10), and fiber 
retting (Chapter 7) phases have already 
been emphasized. In addition, the immense 
field of medical mycology logically pertains 
to economic botany, for lower plants, espe¬ 
cially bacteria, are the cause of many human 


diseases, from tuberculosis to syphilis. But 
pathogens attacking animals are largely 
specialized subjects for the medical student, 
and all that can be done here is to empha¬ 
size the extreme importance ol certain lower 
plants in causing disease. 

Perhaps less extensively studied are 
pathogens attacking plants, again a proper 
item lor discussion as a phase of economic 
botany. Vet this large field, too, is for the 
trained specialist, and attention can merely 
be drawn to its tremendous importance to 
mankind. By way of example one might 
mention that the wheat rust, Puccinia 
gram inis, Basidiomycetes, is responsible for 
an annual reduction of the potential wheat 
crop amounting to many millions of tons. 
The smut, Lstilago, Basidiomycetes, simi¬ 
larly reduces the maize crop; Claviceps, 
Ascomycetes (see Ergot, Chapter 12), the 
rye crop; and hundreds of other plant dis¬ 
eases various crops the world over. The late 
potato blight, Phytophthorn infestans, Phy - 
comycetes, caused famine in Ireland in 
1845-46 and brought about wholesale migra 
tion of the Irish to the New World. This 
fungus thus shaped in part the population 
make-up of a world power -and mav to 
some extent have altered the course of his¬ 
tory. For a discussion of the complex life 
cycles of these pathogens and specific con¬ 
trol measures for them, the reader is referred 


532 


OF MICROORGANISMS AND MISCELLANEA 



Microbes afTccliny; man-tuberculosis bacteria. (Cour¬ 
tesy Chicago Natural History Museum.) 


to one of the several standard texts devoted 
to plant pathology. 

Wood preservatives effective against decay 
organisms were discussed in Chapter 5, and 
some mention of forest tree diseases was 
made in Chapter 6. The importance of 
decay, due largely to microscopic plants, in 
the economy of nature was briefly discussed 
in Chapter 2. Bacteria and other fungal 
groups are likewise of considerable im¬ 
portance to man in effecting sewage dis¬ 
posal involving throughout the world ex¬ 
penditures of millions of dollars annually. 
The importance of various lower plants in 
hygiene, water purification, dairy manage¬ 
ment, the nitrogen cycle, manufacture of 
vaccines, food and leather preservation, 
cellulose digestion, methane production, 
and ever-threatening bacterial warfare can¬ 
not be underestimated, but again these 
specialized fields can be little more than 
mentioned in a volume of this type. 

Some Industrial Fermentations. It is 
probably little realized how big a part 
microorganisms play in the modern econ¬ 
omy, in addition to their uses already dis¬ 
cussed (antibiotics, brewing, baking, retting, 


and so on). Yet a great many products that 
go into foods, vitamin preparations, auto¬ 
mobile paints, plastics, and the like are 
derived from enzymatic activity of either 
bacteria, yeasts ( Ascomycetes ), or molds (Ac- 
tinomycctes, Phycomycetes, Ascomycetes), 
and (rarely) Basidiornycetes. These lower 
plant types have the ability to secrete 
organic catalysts known as enzymes, which 
facilitate breakdown of large, complex 
molecules into specific substances frequently 
useful to man. 

In brewing, of course, enzymes secreted 
by yeast cause breakdown of sugars, pri¬ 
marily into ethyl alcohol (ethanol) and car¬ 
bon dioxide. The same chemical reaction, 
carried on in absence of air, with any cheap 
carbohydrate source (usually corn or molas¬ 
ses), produces an alcoholic solution that 
yields industrial alcohol by distillation. 
Table 20 shows the most important of the 
many uses of ethyl alcohol. In Chapter 5 
a process for the production of industrial 
alcohol from sawdust was discussed. A 
similar fermentation occurs with baking 
yeast. The bubbles of carbon dioxide pro¬ 
duced cause, in this case, the rising of the 
bread. If nitrogen (such as ammonia com¬ 
pounds) is added to the carbohydrate in 
yeast fermentation and air is bubbled 
through the solution, the yeast will grow 
prolifically. This yeast can then be filtered 
free lor use as baker’s yeast or, more re¬ 
cently, as vitamin and fat sources and 
protein-rich food stuffs (containing over 
50 per cent protein) for man as well as for 
beast. During World War II, yeast (espe¬ 
cially Torulopsis utilis) grown on sulfite 
wood pulp waste liquor supplied a protein 
supplement for the diet of the German 
soldier, and the same yeast is being experi¬ 
mentally grown for cattlefeed in the Pacific 
Northwest of the United States. In Cali¬ 
fornia, yeasts for stock feed are being grown 
on cannery wastes. Strains of yeast possess¬ 
ing distinctive flavors similar to that of 
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Table 20 

The Uses of Ethyl Alcohol* 


Ethyl Alcohol i it ha not ) 


mi 

Heat (small stoxes. etc.) 

Light damps, etc.) 

Power (in mixture, motoi fuel) 

u.NHui. riit.in 
Hospital 

Chemical laboratory 
Home 


Instrument filler 
Antiseptics: 
resorcin 
beta-naphthol 
Reaction medium 
ben/oic aciu 
sodium benzoate 
santonine 

SOI.VLM 


RAW MAI HUAI.* IN ( III NIK \l. I*R(M F-SSFs 

Dehydration: 

ether 

ethylene 

dichlorcihene 

Esters: 

ethyl acetate: 
benzoate, butyrate 
chloride, formate 
nitrite, oxalate 
succinate, aceto acetate 
mercaptan, propionate 
sulfate 
antipyrinc 

hypnotics (sulfonal. etc.) 
Oxidizing: 
acetaldehyde 
acetic acid 
vinegar 

chloral hydrate 

chloroform 

iodoform 

mercury fulminate 
Ethylation: 
ethyl aniline 
diethyl aniline 
acetphencridin 
Halogenation: 
ethyl bromide 
ethyl iodide 

MISCELLANEOUS 

Precipitating agent: 
inulin 

glycerophosphates 
Carbon remover 
Tobacco cure 
Antifreeze 
Preservative 
Spirits 


Dves fmam. including water colors, confectioner 
colors, cthvl purple, etc.) 

Nitrocellulose (including nonshatlcrablc glass, 
carbon lamp filaments, photographic supplies, 
plastics. smokelCNS powder, celluloid paints 
and varnishes, artificial silk, artificial leathers, 
gas mantels) 

Diluent (including airplane dope, lacquers, 
enamels, polishes) 

Drugs and chemicals (many, including aloin, 
arbtitin. mandrake, strychnine, podophyllin, 
cascara. senna, valerian, asclepiaditi. gentian, 
etc.) 

Oils and waxes (such as shoe polish, paint re¬ 
mover, refined rubber, etc.) 

Purification (as with benzaldehvde. casein. 
‘'TNT.” lanolin, etc.) 

(.urns and resins (including phenol resins, var¬ 
nishes. cements, felt hats, mirrors, brushes, 
electric lamps) 

Soaps (various) 

Essential oils (such as vanilla, lemon, winter- 
green, peppermint, rose, jasmine, heliotrope, 
bay. ginger, orris, etc. 

Tinctures (surh as tincture of iodine, of arnica, 
aconite, digitalis, nux vomica, benzoin, etc.) 

Cleaning purposes (such as for jewelry, cutlery, 
silverware, fabrics). 

Crystallization , as with belanaphthol, hcliotropin 
oxalic acid. c. p. chemicals, etc.) 

Miscellaneous: 

etching solutions 

insect powders and germicides 

gelatine capsules 

shampoos 

soldering fluxes 

inks 

moth repellents 
laundry starches 
photoengravings 


,htl 1 • s - Industrial Alcohol Co. 


•Adapted from Prescott and Dunn. Industrial Microbiology, issued bv 
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bouillon and other foods have also been 
developed, and in Jamaica yeast grown in 
association with the green alga Clilorella is 
used as a protein lood for Jamaican la¬ 
borers. Species of Rliodolorula. Oidium, 
and Endomyces have also been used lor lat 
production. Under proper growth condi¬ 
tions they yield up to (>5 pet cent (dry 
weight) of a fat similar to palm oil. Other 
yeast fermentations are used to produce 
glycerol, useful as a solvent or a sweetener 
in ointments, lotions, antifreeze, nitroglyc¬ 
erine, synthetic rubber, and other products. 

Anaerobic bacteria, such as Clostridium 
acetobutylicum, are used to produce acetone 
and butyl alcohol by fermentation especially 
of corn mashes. These products find use as 
paint solvents, notably in manufacture of 
“Duco" enamels lor automobiles. Bacteria 
of the type that sours milk do so by fer¬ 
menting the sugar lactose to lactic acid. 
Indeed, this is the initial step in cheese mak¬ 
ing: the proteinaceous curd so formed may 
be further converted during ripening by the 
same lactic acid organism. In commercial 
production of lactic acid the bacteria are 


usually grown on sugar-malt or whey media, 
and the lactic acid precipitated by addition 
of lime. Lactic acid or its salts and esttrs 
find use in foods, curing meats, manufacture 
of certain soft drinks, baking powders, 
humeleciants of tobacco, solvents, plastics, 
and so on. Lactobacillus inesenteroides is 
frequently utilized to ferment cabbage to 
sauerkraut, as are similar organisms in 
preparation of pickles and olives. Anaerobic 
lactic acid bacteria are also of great general 
utility in fermentation of chopped plant 
remains (such as green maize) in the farm¬ 
er's silo to produce silage for winter stock 
feed. I he 1 per cent or more of lactic acid 
produced acts as a preservative, preventing 
deleterious decomposition of the silage. 
Species of Acetobacter are responsible lor 
the fermentation ol cider (or sometimes 
wines, malt, or sugar solutions) to vinegar, 
the cltiel constituent of which is acetic acid. 
I his aerobic acetic acid fermentation, of 
course, follows a preliminary yeast fermen¬ 
tation whereby the sugars are changed to 
ethanol. The reactions taking place may be 
illustrated by the equations: 


CcH.Ai-—-►2 C s H,OH + 20), 

C,H 5 OH + a. -— —> H..O + CH,COOH 

- ■* 1 - (Acftob icier) - 1 •’ 


Special mechanisms are used to assure ade¬ 
quate air for the bacterial films (usually by 
filtering the mixture over beechwood chips). 
Storage, aging, clarification, and bottling 
techniques may be as elaborate as in the 
alcoholic beverage industries. A great many 
other specialized bacterial fermentations 
also have industrial importance lor pro¬ 
duction of various organic acids, alcohols, 
and vitamins widely utilized in the modern 
economy. 

Among the molds, mention has already 
been made ol the gieat present-day im¬ 
portance of species yielding antibiotics. The 
residues from antibiotic production also 


apparently yield commercial quantities of 
important vitamins such as B„ (“antiperni- 
cious anemia factor": related to the famed 
"animal protein factor"). Species of Peni- 
cillium are responsible for developing dur¬ 
ing the ripening process the characteristic 
flavor of Camembert and Roquefort cheeses. 
Moreover, Aspergillus niger will ferment 
glucose or sucrose to citric acid, the same 
acid responsible for the sour taste of lemons 
and used especially as a beverage flavor. 
Today over 90 per cent of the citric acid 
used in industry comes not from the original 
source-low-grade lemons expressed chiefly 
in Sicily—but from an Aspergillus fermenta- 
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lion. Moio ili.in I '• ihous.im! ions ol < in ii 
,ii jii .mil (in. iUs .hc so pmduicd in the 
United Si.ncs innii.ilK, I \pngilhi.\ oi\znr 
.imi ollici mold', "town on stciili/rd In .in. 
viild .1 m.ill substitute iis.ihlc lot sacchari- 
fu.ition ot grain, potato, oi other stanlies 
in ilu- piodiidion ol aholiol. A mimlx'l ol 
oilui mold lei mentations sene to produce 
unions oiganic acids, alcohols, sterols, pig¬ 
ments, eti/vines. and polvsacchaiides (vi/.. 
gluconic. Iiunaric, and gallic acids; man¬ 
nitol; and the like). Discussion ol these 
indtisiiial feimentations can he lowml in 
the mam recent writings on the subject. 

Algal microorganisms. This hook has 
dealt with many differing categories of use¬ 
ful plants, almost all ol them inhabitants of 
the land. Vet the world presents an even 
greater smlace ol water than of land, and 
ocean, sea. lake, and river arc endowed 
with an abundant and characteristic flora. 
I he flora of the land are dominated by the 
seed plants. Sprrmalophyla, but in the 
aquatic vastness of the oceans simpler 
plants, the Algor (Thallophyta), reign su¬ 
preme. 1'heir photosynthetic ability pro¬ 
vides lor the "pastures of the sea" just as 
the green leal ol the seed plant permits the 
land a certain carrying capacity. 

The ecology of the sea lias become a 
topic of widespread interest only recently. 
With arable land becoming insufficient in 
the face of increasing world populations 
and soil malpractices, the British have 
studied the possibilities of sea gardening 
with algae; and during World War II 
German scientists attempted to strain out 
floating microorganisms (plankton) from 
North Sea waters as a dietary supplement. 
For decades the Japanese have systemati¬ 
cally "planted” and harvested algae off the 
northern Pacific coasts. Moreover, man has 
for ages harvested fish from lake, river, and 
sea for food-food that consists of protein 
and vitamin from plankton consumed 


directly by the fish or indirectly by the 
desious (haiii ol < iustacean—small fish— 
huger lish-large fish. I-veil the monstrous 
whalebone whale sieves plankton from the 
lew meters ol ocean surface to which 
light sufficient for photosynthesis penetrates. 
Commercial fisheries have been paying more 
and more attention to the fluctuations in 
■he microflora of the waters, for on its abun¬ 
dance depends the abundance of fish. 

Much remains to be learned concerning 
the cycle ol aquatic life, but it has been 
established that abundance of plankton, 
consisting mostly of diatoms or diatom- 
feeding organisms, is correlated with per¬ 
sistently fresh mineral supplies. Thus the 
micioflora of the sea grows abundantly off 
the coasts after rainy seasons, when the 
rivers bring to the sea renewed mineral 
supplies leached from the land, or where 
deep ocean currents rise to the surface, as 
off the shores of Peru. And man, copying 

supplies the necessary 
minerals to assure food for fish grown in 
inland waters, by application of chemical 
fertilizer. 1 oday it is not unusual for a 
farmer to fertilize his farm pond, unthink¬ 
able when our country was young. On 
worn-out, gullied land of the southeastern 
United States it has been shown that more 
pounds (and dollars’ worth) of fish can be 
produced (by damming and flooding a 
given acreage) than of land crops. Proper 
techniques of fertilization and of selection 
of fish species must of course he followed to 
obtain this result. 

The larger seaweeds have been used 
directly by many peoples, not only as a 
food and agar source, but also as fertilizers; 
a source of rarer elements; a stock feed; and 
a source of ingredients for medicinals, 
sausage casing, “casein" paints, beer fining, 
textile size, cosmetics, mucilages, shoe 
polishes, photographic plates, and so on. 
Smaller aquatic plants, in addition to serv¬ 
ing as food for aquatic animals, have a 
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considerable effect on man's life. Small algae 
are frequently severe nuisances in surface 
waters, clogging machinery or introducing 
"scum" into manufactured products for 
which water is utilized directly from out- 

4 

door reservoirs. They cause swimming pools 
to become green and "unhygienic"; their 
putrefaction causes foul tastes in water 
systems; they destroy the esthetic appeal of 
ornamental pools and aquaria. The minute 
diatoms possess an outer shell made of 
silica. These shells, deposited on the sea 
bottom through the geologic ages, as gen¬ 
eration after generation of diatoms have 
lived and died in surface waters, form 
layers of silica hundreds or even thousands 
of leet thick. Through a subsequent uplift 
of the sea bottom, these deposits have be¬ 
come the commercially valuable diatom- 
aceous earth widely used in abrasives, tooth¬ 
pastes, filter aids, and similar products. Like¬ 
wise the deposition of much, possibly almost 
all, limestone has been the work of count¬ 
less generations of ancient algae. Limestone 
is the base on which many of the best soils 
are built, and its multitudinous uses are 
apparent to all. 

Nor can one ignore the direct benefit of 
smaller algae in potentially valuable "mi¬ 
crobial farming.” Mention of the use of 
the green alga Chlorella has already been 
made, in discussing food yeast production 
in Jamaica. This single-cell alga is said to 
be nitrogen-fixing as well as photosyn¬ 
thetic, and can thus contribute nitrogenous 
substance to the molasses-yeast culture. 
Chlorella pyrenoides multiplies very rap¬ 
idly. Recent evidence indicates that the 
limiting factor to its rapid growth is the 
using up of all carbon dioxide; but this, 
of course, could be artificially supplied to 
speed growth further. Even so, cultivation 
of this alga in tanks of water about six 
inches deep is said to be capable of utiliz¬ 
ing for carbohydrate production about 2 
per cent of the solar energy striking the 


surface—this in comparison to an average 
ol a mere 0.1 per cent for agriculture in 
general. Yields of Chlorella as high as 15 
dry tons per acre per year have been ob¬ 
tained, a proportion considerably higher 
than that for most crop plants, even when 
they are grown on the best of soils. Al¬ 
though it is problematical whether or not 
Chlorella can ever serve man directly as 
food, suggestions have been made that it 
can be fermented to alcohol or carbonized 
to provide fuel. At 1950 price levels such 
alcohol would presumably cost 40 cents a 
gallon to produce. It seems, therefore, that 
eventually a simple green alga could be¬ 
come the means of harvesting more solar 
energy for man's use, at a time when our 
traditional fuels—petroleum and even coal 
—are starting to run out. 

Other Lower Plants 

Mushrooms. Many of the Basidiomycetes 
(and a few Ascomycetes) are known as 
mushrooms. In the popular use of the term, 
it is applied only to the edible types, poi¬ 
sonous mushrooms being generally termed 
“toadstools." Since ancient times edible wild 
mushrooms have been a table delicacy, and 
still today few foods command more respect 
than the truffles ( Tuberales ) of France and 
the morels (Morcltella) of North America. 
Wild Agaricus is still eagerly sought by col¬ 
lectors in the cool of the spring, and oyster 
mushrooms (Pleurotus) and similar less 
frequently eaten types are a prize for the 
connoisseur. 

From this modest interest in wild mush¬ 
rooms has sprung a major industry in the 
United States-that of mushroom cultiva¬ 
tion. No longer, in any sizable market area, 
are fresh mushrooms a delicacy reserved for 
the elite, for they can be purchased at 
moderate prices at almost any large food 
store. Mushrooms cannot be considered a 
very important food, however, for little 
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carbohydrate, fat, or protein is present in 
them. A mushroom, chemically, is largely 
water. Vet mushrooms remain highly es¬ 
teemed as a garnish and for their uni<|ue 
delicate flavor. 

No doubt many amateurs grow mush¬ 
rooms with a greater or lesser degree of 
success on manure piles in basements, caves, 
old tunnels, and the like. But as a com¬ 
mercial venture lor continued profit, mush¬ 
room growing involves more carefully 
regulated procedures and competent know¬ 
how than are available to the amateur. In 
the United States mushroom growing is 
largely concentrated in Chester County. 
Pennsylvania. There practically every farm¬ 
er has his mushroom sheds, and there 
carload after carload of horse manure is 
shipped to the growers Iroin all parts of 
the country. Upwards of 10 thousand tons 
of mushrooms (Agaricus campcslris) are 
produced in this single area annually, about 
half of the total United States consumption 
(estimated at roughly 20 thousand tons). 

Contrary to popular belief, the cultivated 
strains of Agaricus campcslris do not need 
dark, dank habitats. Light is of no con¬ 
sequence one way or another, save as it 
may heat the beds, and excessive moisture 
actually gives an inferior, diseased crop. 
Also contrary to general belief is the fact 
that production requires cool temperatures. 
Mushrooms cannot be grown in the heat of 
summer or in warmer climates without 
artificial temperature control. 

The first step in commercial production 
is the composting of the horse manure, 
although manure at S1 ()-$ 15 per ton at 1951 
prices is being less used than composts from 
hay and corncobs, or grass and brewer's 
grain, at §6-§8 per ton. Legumes, chicken 
manure or cottonseed meal are frequently 
added as nitrogen sources. A recent system of 
composting in ricks saves considerable vol¬ 
ume of compost, giving less decomposition 
of carbon and nitrogen constituents. Mush¬ 


rooms can he grown on artificial media, but 
none has proved quite so satisfactory and 
at the same time so economical as compost 
or manure. Adman: ; v “les are chiefly re¬ 
sponsible for reducing the horse manure 
to an earthy compost, during which process 
several turnings and waterings are neces¬ 
sary. A final fermentation, in the tiers of 
planting trays in dosed sheds where the 
mushrooms are to be grown raises compost 
temperatures to 130°—I-10- F., effecting 
sterilization and pasteurization. With the 
newer methods, composting temperatures 
may reach only 65°-80°F. Meanwhile mush¬ 
room spores have been artificially cultured 
under sterile conditions to produce "spawn,” 
then grown in glass jars on a medium of 
tobacco stems, humus, and added minerals. 
This spawn may be planted in the beds 
within ten clays or gradually dried until 
dormant: in this condition it will keep for 
many months. 

Chunks of spawn are planted in the now 
cool and ventilated, composted manure, at 
a depth of about 2 in. and about 10 in. 
apart. Temperatures are maintained at first 
at around 70° F., then dropped to 02° F. 
as growth proceeds (three to four weeks). A 
1-iyei about .1 cm. thick of a specially pre- 
paied, slightly alkaline loam is then spread 
over the manure with its ramifying mycelial 
network, and in about ten days the tem¬ 
perature is dropped to 58° F. Beds are 
watered lightly every other day, and in 
about ten clays more, mushroom fructifica¬ 
tions appear. These “buttons” are picked 
by a twisting motion at the stage when the 
veil distends. Waterings and harvest con¬ 
tinue until the bed is exhausted, usually 
in three to seven months. Nearly 2 lbs. of 
mushrooms are obtained from each square 
foot of bed space. For maximum Year-round 
effic iency, sheds and beds must be equipped 
with temperature control; this is usually 

supplied by hot water systems for winter 
heating. 
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Peat, Petroleum, and Coal 

Peat consists ol partially decomposed bog 
deposits, generally quite acid. Technically 
the peat moss. Sphagnum, forms the veg¬ 
etable remains, but actually all kinds of 
debris are trapped in the peat bog and are 
often well preserved because ol the acid, 
stagnant water present in the bog. One use 
ol peat (bogs) results from this lact: for the 
analysis of past vegetational communities 
and climates through study ol pollen 
trapped and preserved in the peat. The 
peat moss itself finds modest use. It is 
gathered by huge mechanical shovels in 
the swamps of Florida or Canada, cleaned, 
pulverized, and sold as a garden mulch and 
soil acidifier. The leaf cells of this moss con¬ 
tain large, hollow chambers capable of 
absorbing liquid much as a sponge does. 
Sterilized Sphagnum was therefore useful as 
a bandage material to staunch blood flow 
during World War 1. Likewise it is very 
effective as a packing material about living 
plants during their transportation; its tre¬ 
mendous water-holding capacity prevents 
the desiccation of the plants en route. Con¬ 
solidated peat is also mined for use as fuel 
in many northern regions. 

The precise mode of petroleum forma¬ 
tion is still in doubt, but plant products 
certainly entered into its formation, directly 
or indirectly. The present age of the in¬ 
ternal combustion and Diesel engine and 
of home heating with oil draws upon the 
energy potential accumulated by plant 
photosynthesis of ages past, a potential the 
exhaustion ol which is in sight. More abun¬ 
dant, and sufficient lor the needs of some 
years to come, are the coal supplies. These, 
too, are an inheritance from plant growth 
of ages past. In fact most of the coal that 
fires man’s industry today is composed of 
the remains of plants long extinct, plants 
decidedly different from modern Sperma- 
iophyta. In the coals of the world is found 


evidence for the existence of giant Lyco- 
podinae and Equisetinae, as well as for 
many kinds of ferns and ancestral Sperma- 
tophyla. 

Chemurgy 

Wheeler McMillen, for many years presi¬ 
dent of the National Farm Chemurgic 
Council and the primary founder of “chem¬ 
urgy,” defines it as "a concept devoted to 
advancing, through applied science, the 
development of new industrial uses for 
farm-grown materials and the establish¬ 
ment of new farm crops.” In a way chem¬ 
urgy is a new word for an old problem of 
utilizing to maximum efficiency the bounty 
of nature, supplied to man by the green 
world of plant life. Long before the word 
was coined, men sought to utilize by¬ 
products from various crops and to find 
economical uses for little utilized plant 
resources. But the modern industrialized 
economy and obvious limit to certain re¬ 
sources have given special impetus to at¬ 
tempts to utilize as nearly as possible that 
renewable resource, the growing plant. 
Chemurgy has come to the fore as a recog¬ 
nized and rapidly advancing phase of sci¬ 
ence. 

No attempt can be made here to discuss 
the many chemurgic developments of re¬ 
cent decades. A very readable account of 
some of these is presented by McMillen in 
his New Riches from the Soil (see Bibliog¬ 
raphy for Chapter 2). Discussed in that 
book are the stories of the utilization of 
seed flax stems to make cigarette paper; 
the making of furfural from waste oat hulls 
and corn cobs; the utilization of several 
derivatives from corn; the rise of the soy¬ 
bean in the United States; substitute crops 
for the ailing king cotton; new ventures 
in lemongrass and sweet potato growing in 
the Everglades; promising sources of veg¬ 
etable oils; the utilization of wood wastes, 
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and oilier interesting subjects. Some of 
these same topics have received at least 
cursory consideration in other chapters of 
this book. Active ehcmmgic investigation 
is underway at the present time concern¬ 
ing many kinds of antibiotics; commer¬ 
cial fermentation of organic wastes such 
as almond hulls, especially for stock Iced; 
production of the capillary restorative, ru¬ 
tin, at present largely from buckwheat; 
introduction and experimental growing of 
promising fiber crops in the United States 
(kenaf, ramie, and the like); improvements 
in domestic production of oils, rubber, and 
gums through introduction of new sources, 
mechanical handling and extraction, and 
so on; wood waste for fuel, bedding, shav¬ 
ings, wood flour, producer gas, charcoal, 
activated carbon, molasses, pulp, insula¬ 
tion. plastic, and fiberboard; plastics from 
several vegetable products; use of coir dust 
from coconut husks as a horticultural mulch 
and soil improver: and economical separa¬ 
tion and processing of lignin from pulp 
liquors. Long-term projects involve system¬ 
atic introduction of new genetic stocks by 
governmental agencies for plant-breeding 
work, and classification of potential plant 
resources (e.g., listing of each type of plant 
product available in a given state or area, 
or listing of types of products that may be 
procurable from presently unutilized areas 
such as the desert). 

Hayfever Plants 

It is a well-established fact that many 
human beings develop allergies with symp¬ 
toms resembling those of the common cold 
upon breathing the pollen of certain plants. 
Reaction to the pollen proteins differs 
widely from individual to individual, and 
many hayfever sufferers are sensitive only 
to pollen of certain species or groups of 
reated species. The many plants known 
to cause hayfever are legion, and, in fact, 
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Over imicli of temperate North America 
haylever plants mav l>e grouped into three 
more or less overlapping categories, hirst 
there is the early spring hayfevet season, 
which results largely from the (lowering of 
deciduous trees. Pollen from many locally 
abundant trees (elms, willows, maples, syca¬ 
mores, oaks, and the like) may be found 
in the air in appreciable quantities at this 
time ol the year. Fortunatelv, human sensi¬ 
tiveness to this source ol irritation is rela¬ 
tively infrequent. Second, there is a late 
spring and summei abundance ol pollen 
due largely to flowering of grasses and 
certain herbs ( Chenoftodium , Kocliia. At- 
rift lex, and related plants). Again, suffering 
from these pollens is relatively limited. 
Third, there is the most troublesome hay- 
lever season, the autumn, in which the 
predominating pollen source is usually the 
Compositae family. Greatest offenders in 
most areas are the ragweeds (especially 
Ambrosia triftda and A. elatior), although 
locally many other genera may be ol im¬ 
portance (viz., Iva). Goldenrod (Solidago 
sftft.) once had the unwholesome reputation 
of being a sure cause ol haylever, but more 
recently it has been shown to possess too 
large and heavy a pollen to be carried any 
considerable distance. So important is hay- 
fever that city-wide and even state wide 
campaigns for eradication of ragweed and 
other weeds are undertaken. These typically 
involve the spraying ol waste ground with 
2-4-1) growth hormone compounds. 

Weeds 

Weeds are plants growing where they are 
not wanted. By this definition almost any 
plant would qualify as a weed, depending 
upon the time, place, climate, and human 
preference. 1 ake, for example, the common 
white clover (Trifolium repens, Legiimino- 
sae), introduced from Europe into North 
America. In carefully .'ended bluegrass 


lawns, golf courses, or chat driveways, this 
plant is a troublesome weed; yet in an 
average lawn it may be tolerated or en- 
couraged, and in a pasture it is certainly a 
welcome member ol the plant community. 
So it is with any plant. Where overabun¬ 
dant or unwanted, plants become weeds; 
elsewhere they may be respected members 
ol the flora, directly useful or ornamental, 
and not competitive with crops, lawns, or 
gardens. 

Control ol weeds has always consumed 
much clien t and income. The ancient Mayan 
abandoned overgrown fields and burned 
new forests; the modern farmer laboriously 
cultivates his land. Both practices are only 
differing aspects of man's continuing fight 
against weeds, weeds that compete with 
cultivated crops. In the twentieth century 
the control of weeds takes many forms. 
Over much of the earth it is still a direct 
process of pulling up or hoeing out weeds 
by hand. But these practices can rarely be 
adopted in areas of labor scarcity or high 
labor costs. Thus man uses the plow, often 
horse- or oxen-drawn, the disk, the harrow, 
and other mechanical devices to duplicate 
the work of the hand-wielded hoe. In the 
United States today almost all cultivation 
to destroy weeds is done by gasoline- 
powered machines. But other means of 
weed control are also widely used. Preven¬ 
tion of weeds by the use of "clean seed, 
by the cutting down of neighboring weed 
fields before the weeds seed, and by avoid¬ 
ance of weed dissemination, is often ef¬ 
fective. Sterilization of seed bed by heat or 
chemicals may help to a limited extent, as 
does temporary flooding where conditions 
permit. Burning is used to destroy both 
weed seeds and above-ground growing parts. 
Recently, effective flame-throwers have been 
devised that find use in the pineapple fields 
ol Hawaii, on self-propelled cars for use 
on railroad right-of-ways, and even on a 
small scale for the home garden. Mulching 
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The lupine, Lupin us perennis. representative of 
a genus poisonous to cattle on the western range 
(Courtesy Chicago Natural History Museum.) ° 


Poison ivy a highly objectionable common weed 

" the l nited States. (Courtesy Chicago Natural His- 
lory Museum.) 


is very useful for control of weeds. The 
use of large-scale paper mulching, was 
mentioned in the discussion of pineapple 
growing. Selective sprays used in chemical 
weed control include particularly the famed 
2-4-D, spread by many kinds of devices 
from sprinkling can to airplane. Also many 
older chemical types, such as "animate" 
(sodium sulfamate), chlorates, arsenicals, 
copper sulfate, oil, and the like, are used 
and newer herbicides are continually being 
discovered and developed as agriculture ap° 
proaches an age of chemical growth regula¬ 
tion. Biological control is a bit riskier, and 
difficult of application. It may involve any 
of a number of practices of pitting one or¬ 
ganism against another, from the use of 

oil Lr.°‘ her Cr ° PS ” t0 the introd “ction 
of weed diseases. 

Apari from their direct competition with 

. effects v raay h “ Ve °‘ her d «rimen.al 
'll „ a ' Sae lKl P (0 "‘ shi P bot- 

ud rrr ng cost,y «!*>■««« <* 

fuel drydocking, and pai„,i ng . w 
«eds may dog drainage or "irritation 


ditches, or even navigation channels; amorn 
such weeds is the water hyacinth, Eich 
honua crass, lies, Ponledenaceae. O.hei 
weeds may serve as host or alternate hos 
for crop diseases. Some weeds, such as wilt 
garlic, (Allnun spp., Liliaceae) give an ob 
jectionablc odor and flavor to the milk pro¬ 
duced by cows who have eaten them. 
Loco weeds" (Lupin us, Leguminosae; Del- 
pInnnun, Ranuncuhueae; and many other 
genera) may poison or kill stock when eaten 
by them in even limited quantities. Poison 
ivy (Rhus toxicodendron, Anacardiaceae) 
and perhaps certain other plants cause a 
shin allergy in many people. The irritating 
•‘gent m poison ivy is an essential oil, which 
-ay e^n be wafted on air currents in 
suffiaent concentration to cause irritation, 
especially ,f the plant is burned and the oil 
ms vaporized. Some weeds have spines 
orns, or burs that cause injury to domes! 
animals and discomfort to gardener 
armer, and woodsman. Of course weeds 
are not entirely harmful. They do offer 
cover to perhaps otherwise unprotected soil'; 
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Tabic 21 

Uses of Edible Wild Plants of Eastern North America * 


Pl'RFFS AND SOU’S 

Ixpba (young flowering spike). Smilax (young leaves and sprouts), Oxyria 
and Rumex (leaves), s dene (young leaves), Epilobium (young shoots), 
Cryptotaenia (leaves). Sambunis (pith), certain grasses (seeds), meats of 
nuts. Hemerocallis (buds and flowers). Sassafras (shoots or pulverized leaves), 
seeds of Heliantlms and several mallows, roots of Viola and Arctium, etc. 

COOK 11) SIARCin VM.I I ABIT S \\!) ROOT VFC.UABLFS 

T ulicrs or rootstock of Typha, Sparganium , Potamogeton. Sagittaria, Buto• 
mus, Phragmites, Cxperus . Scirpus. Peltandra, Orontium, Commelina, C/fly- 
/oiiiVi, Polygonum, Sujfhar, Nympbaea, Nelumbo, Ranunculus, Potentilla, 
Glycxrrbiza, Hedysarum, Latbyrus , /!/)i'os, Oenothera , /frci/iVi. Erigenia, 
Cryptotaenia. Carum, Sium. Pastinaca, Heracleum, Daucus, Ipomoea, Stacbys, 
Lycopus, Valeriana. Campanula. Heliantlms, Arctium, Tragopogon, etc. 
Seeds of Pinus, Ponlederia, various nut trees. Cannabis, Xuphar, Nelumbo, 
Latbyrus, (iymnocladus, Trapa , Stapbylea, etc. 

BRKADSIT'I-FS 

Inner bark or cambium of Pinus, Tsuga , /Irer 

Underground portions of Butomus, grasses. Arisaema, Peltandra, Calla, 
Symplocarpus, Orontium, Polygonalum, Smilax, Pueraria, Sympboricarpos, 
Valeriana 

Seeds or fruits of many grasses. Scirpus, Symplocarpus, Orontium, Pontederia, 
many nut trees. Rumex, Polygonum, Kocliia, Amarantbus, Spergula, Portu- 
laca, Xuphar, Nelumbo, Capsella, Sorbus, Amelancbier, Fragaria, Prunus, 
Trifolium, Aesculus, Diospyros, Verbena, Xantbium, Heliantlms, Madia, etc. 
Flowers of Cercis, Sambucus 
Pollen of Typha, Scirpus 

COOK FI) (.RFFNS OR POTHERBS 

Young shoots of many grasses. Commelina, Aneilema, Tradescantia, Ponte¬ 
deria, Eicbbornia, Clintonia, Trillium, Fagus, Humulus , Urtica, Rumex, 
Polygonum, Clienopodium, Kocliia, Amarantbus. Sesuvium, Stellaria, (day- 
Ionia, Nelumbo, Capsella, Brassica. Arabis. Sedum, Cassia, various mallows, 
Epilobium, A ratio, Hydrocotyle, Cryptotaenia. Clethra, Anagallis, Hydropbyl- 
lum. l.amium, Lycium, Veronica, Dicliptera, Plantago, Galium, bdipta, 
Cosmos, Galinsoga, Petasites, Erecbites, Tragopogon, Lactuca, and many 
others that usually have a stronger or more bitter flavor 
Asparagus-like stems of several ferns ("fiddle-heads") and grasses, Typha, 
Vvularia, Allium, Smilacina, Polygonatum, Smilax, Humulus, Polygonum, 
Phytolacca, Nelumbo, Epilobium, Aralia, Monotropa, Asclepias, Sambucus, 
Carduus, Tragopogon, etc. 

SALAI) AM) RELISH PLANTS 

Very young leaves of grasses, Acorus, Tradescantia, Oxyria, Arenaria, Portul- 
acca, various cresses. Lepidium, Capsella. Cochlearia, Cakile, Brassica, Reseda, 
Sedum, Saxijraga, Sanguisorba. Oxalis, Erodium, Cryptotaenia, Carum, Ana¬ 
gallis, Plantago, Valerianella, Campanula, Heliantlms, Cosmos, Arctium, 
Cicborium, Tragopogon, Taraxacum, Sonclius, etc. 

Underground parts of Medeola, Dentaria, Glycerrhiza, Stacbys, Lycopus 
Stems of Smilax. Latbyrus, Dolicbos, Angelica, Ligusticum 
Flowers of Yucca, Rosa. Cercis 

PICKETS AND CONDIMENTS 

Allium. Smilacina. Polygonatum, Medeola, Myrica, Asarum, Oxalis, Sassafras, 
Hurifipa, Sedum. Osinorrliiza. Carum. Foeniculum, Gaultlieria, various mints, 
Tanacelum and many other genera. 
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Table 21 (Continued) 

Uses of Edible Wild Plants of Eastern North America * 


BF.VKkAC.FS 

Underground parts of Cypnus. drum. Cuhoriuw. Tataxacum 
I wig tips of Tsuga, Thuja, l.indera 
Bark of lietula, ( limn. Sassafras 

l eaves of Myiica, Belula. Chenopodium. Hamameli s. Fragarfo. Potrntilla. 
Hu bus. Hex. Oanothiis, Epilobiitm. Aralia. Dirca. Gaul therm . Chioaenes 
various mints. Vrronica 9 

Mowers of Trifnlium. Tiha . Sanibunis. Soli da go 

Kmi.s and seeds «usually par.hed) of Junior us. Triglaehiu. Casta,tea 

lZ 7 ' 7 D,0I /'- Vfo '- He/um- 

f ' ,anV wil .‘ l fr,, ‘ ,s , or ,lcsh > underground pans may furnish the basis for 

fir ,,f a,coh ‘*!* f . leverages (vi/. .Worn,, Podophyllum, habeas, 
Hu bus, Prumis. Rhus. I i/n. Diuspyros . .SVii/ifcnriu, etc.) 

sums 

Sugars and syrups from /«.«/«„. C«ry«. Wo/onu,. ^rer and Ti/ia sap. 
Caffa;i<yi and G ledtlsia fruit, Srirpus rootstock 

wuJr/."^uw^/rtgo^^and 
c "'" ,,ra - scic,; " mM ° m - n °'“ : 

Fruits and jellies from many species such as were listed useful fo. beverages 
MISCKLMNFOVS 

Oils from various nuts and seeds 

SS^Tsy^elTAuUfdas . etc”' R '" WX ’ RerbtTis ' P " ,m,s - ° xalis - »Wi. 




plowed under, they provide humus for soil 
building; their seeds furnish food lor birds 
and wildlife; some are of occasional me¬ 
dicinal or food value. Consideration of wild 
plants as a food source follows. 

Edible Wild Plants 

Most people are timid about attempting 
the new or unfamiliar. It is perhaps human 
nature to live in so far as possible just as 
one has always lived, and in the matter 
of food to accept and be satisfied with the 
comparatively limited diet afforded by the 
more conventional crops. Yet men usually 
experience satisfaction in discovering a 
hitherto unknown and unappreciated food 
n this respect wild plants have somethin,, 
to offer modern man, more as a matter of 


hobby, relaxation, and sympathetic under 
Standing of nature than of economic neces 
stty- Vet in times of emergency, as when 
lost in the wilderness or in isolated com¬ 
munities m event of crop failure, familiarity 

w 'h edtbletvtld plants may pay u„e X peced 

dividends. Few plants or plant pans are 
poisonous, although many may be unpalata- 
b'e. Little danger will be experienced in 
tasttng small quantities of plants or plant 
parts presumed to be edible ^ 

An entire book would be needed , 0 dis. 

™ ,he "ill plants. Some ref- 
etence has already been made lo some of 

foods! in*' "'‘ M ^ "" lS ' (niils - Indi 'in 
uods) m prevtous chapters. All that can 

be done here ,s to list some of the wild 

plants of eastern North America useful for 
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certain kinds of food. (See Fable 21.) For 
further information the reader is referred 
to the Bibliography at the end of this 
chapter. 

Edible wild plants are useful not only lor 
direct human consumption, but also as 
food and protection for wildlife and do¬ 
mestic animals. Particular attention has 
been directed in recent times to waterfowl 
preserves, where marsh grass seeds espe¬ 
cially determine the carrying capacity of 
the preserve. Serious attempts are likewise 
being undertaken to encourage proper plant 
growth suitable lor providing quail with 
food and cover. Of more direct economic- 
importance is maintenance ol proper bee 
pasture. Bees are of less importance for 
the honey and wax they provide than 
for their utility as the sole controlled insect 
effecting plant pollination. As wild bees 
are eliminated through the destruction of 
their habitats by agricultural advance, seed 
set in entomophilous plants depends in¬ 
creasingly upon domesticated bees. It has 
been estimated that the economic value of 
bees as pollinators is as much as fifty times 
the value of all wax and honey produced 
(in the United States annual production 
of honey is over 100 thousand tons; ol wax, 
over 2 thousand tons). Thus in an integrated 
agriculture some consideration must be 
given to the necessity of insuring ample 
supplies of nectar and pollen at the right 
times to maintain a sufficient number ol 
bees. 

I he flavor of honey will be determined 
largely by the source of the nectar (viz., 
clover gives a light, mild marketable honey; 
buckwheat a dark, strong, less desirable 
product). Among the important bee plants 
arc maples (Acer), willows (Salix), and dan¬ 
delions ( Taraxcum) in the early spring; 
clovers (Trifolium and Melilolus), alfalfa 
(Me dial go), fruit trees (orange, apple, pear, 
etc.), and brambles ( Rubus ) for the later 


major honey flow; and buckwheat (Fago- 
l>yrum), smartweeds (Polygonum), or gold- 
enrotl (Solidago), Eupatorium, various 
mints, and the like for summer or autumn 
flow. Lilia, Liriodcndron, Oxydendrum, 
Diospyros, Melaleuca, Sabal, Prosopis, Gle- 
ditsia. and Robinia are trees locally im¬ 
portant as a honey source, and many shrubs 
(viz., Acacia. C let lira, Ila cellar is, Ilex, Rhus) 
function similarly. Herbs of considerable 
local value include melons of various kinds, 
cabbage, chives, Echinops, Phacelia, Epi- 
lobium. Asclepias, Cleome, Latliyrus, Lotus, 
and many other genera. 

Floriculture* and Hydroponics 

Throughout this book main emphasis 
has been given to agriculture as the im¬ 
portant field of applied botany. But al¬ 
though horticulture can only with difficulty 
be divorced from agriculture, there is one 
branch of it. namely floriculture, not yet 
discussed which is of considerable impor¬ 
tance in the modern economy. Floriculture 
is the commercial production of flowers. 
Millions of dollars’ worth of cut flowers 
and potted plants are sold annually by 
thousands ol wholesale and retail florists, 
and the growing of these flowers has be¬ 
come, at least in the Temperate Zone, a 
carefully regulated and frequently scien¬ 
tifically managed industry. Disease is con¬ 
trolled by proper hygiene, spraying, and 
soil sterilization; temperatures and mineral 
balance are regulated to assure optimum 
growth and flowering at the desired time; 
flowering seasons may be regulated by in¬ 
creasing artificially the diurnal interval of 
darkness or light; cuttings are stimulated to 
root by use of growth hormone powders. 
It is now possible to hasten or prolong the 
flowering season of many plants—even to 
the extent of making the usually autumnal 
chrysanthemum available for Mother s Day. 
This is done by maintaining the plants at 
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to speed growth, and at all times humid 


relatively cool temperatures during winter 
growth and extending the natural day¬ 
light period through artificial illumination. 
I he plants may he brought into (lower by 
bringing them into normal greenhouse tem¬ 
peratures accompanied by restricted day- 
length interval. 

Equally specialized is the commercial 
production of tropical orchids in Temper¬ 
ate Zone greenhouses. In fact, by selective 
hand pollination breeders have developed 
strains far superior (in respect to marketa¬ 
bility and -beauty") to any orchids found 
in the natural state. Six or seven years are 
required, to produce a flowering orchid 
plant, with expert care all along the way. 
Matured seed from a desired cross must be 
planted on a carefully prepared nutrient 
agar medium, under sterile conditions. For 
best growth it must be inoculated with the 
proper mycorrhizal symbiont. While still 
mtnute seedlings, the orchid plants must 
be removed with tweezers and hand- 
transplanted to small pots of osmunda fiber 
In some cases hydroponics benches are used 


conditions and proper temperatures must 
be maintained. Similarly specialized is the 
production ol many other greenhouse plants 
and of many "bulbs" (viz., lilies, narcissi, 
tulips, gladioli) and ornamental shrubs and 
trees. 

Landscaping has assumed considerable 
commercial importance in urban areas. To¬ 
day even people of moderate income are 
willing to pay for well-chosen and carefully 
selected plantings about their homes, in 
which due attention has been given to such 
factors as flowering season, color contrasts, 
blending value of the foliage, autumn 
coloration, attractiveness of fruit, hardi¬ 
ness, fragrance, mature habit, and the like. 
Establishment and maintenance of optimum 
lawn areas in any given climate belt, par¬ 
ticularly for golf courses, may command 
considerable fees. All such related phases 
of economic botany could be discussed in¬ 
dividually at book length, and are men¬ 
tioned here to round out this final discussion 
of man’s multifarious use of plants. 
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(Most important references arf. indicated in italics) 


Abaca. 168 

Abacaxi i see Ananas) 

Abbevillca. 191 
Abies: 30. 11. 51. 5* 

A. balsainca, balsam fir. 14. 229 
A. amabilis. Pac. silver fir. 59 
A. coiicolor. while or Colorado 
fir. 51 

A. grandis. lowland while or 
grand. 59 

A. lariocarpa. Alpine fir. 51 
A. magnifua, red fir, 59 
A. nobilis. noble fir. 59 
Abiu iscc I’outeria) 

Abrasin isee Aleurites) 

Abrico do Para (see Mammca) 
Abrus. 281 
Absinthe. 530 
Abutilon. 174 

. Acacia. 21. 26. 34. 227. 245 
for essential oil. 255. 256 
gum arabic. 207 
for honey. 544 
for perfumes, 254 
for tannin. 237 

Acaroid resin (see Xanthorrhoea) 
Accitillo (see Zanthowlum) 

Acer. 27, 49, 543 

A. saccharutn, sugar or hard 
maple, 49 
for dye, 245 
for honey, 544 
illustration of wood, 65 
for sugar. 345 
wild, for food, 542 
Acetic acid. 121 
from fermentation. 534 
from wood. 119 
Acetobactcr, 534 
Acetone. 121 
Acetylated wood, 117 
Achira (see Canna) 

Achras, 200, 501 
Aconite (see Aconitum) 

Aconitum, 286 


Acorn: 

for lood. 357. 113 
lor oil. 323 
Acorus. 251. 293. 512 
Aciinomucs. 275. 537 
Actinoimcctcs. 532 
Adansonia. 21 

Adjah butter tsce Mimusops) 
Adjuncts in brewing. 523 
Aegilops. 371. 375 
Acglc. 215 
Aerosols. 29S 
Aesculiis. 512 

African cucumber (see Momordica) 
African oil palm (see Elaeis) 
Af/clia. 21 
Agar. 212 
Agaricus, 536. 537 
Agathis, 26. 227 
Ulus., 26 
for resin. 226 
Agave: 

for beverage. 524 
for fibers. 171 
wax from. 336 
Agriculture: 
agricultural belts, 363 
beginnings of. 7 
of the continents. 359 
future of. 361 
Agrimonia, 241 
Agrimony (see Agrimonia) 

Agropyron. 293. 374. 375. 415, 420 
Agrostis. 420 

Aguacaic (see Pcrsea) 

Aguardiente, 530 
Ailanthus. 215. 229 
Akee (see Blighia) 

Akvavit. 530 
Albiuia, 215 

Alcohol, ethyl. 521. 532. 533 
Alder (see Alnus) 

Ale. 522 

Aleurites. 53. ))l. 332 
Aleurone, 389 

547 


Alfalfa nee Mcdicago) 

Algal microorganisms. 535 
Algarroba i see Prosopis) 

Algin. 214 
Alginates. 214 
Alkaloids. 273 
Alkanna. 244 
Allanblackia. 323 
Alligator pear (see Persea) 
Allium. 

for Indian food. 358 
for spice. 263 
as weed. 541 
wild for food. 542 
Allspice (see Piinenta) 
Almond, 407 (see also Prunus) 
Alnus, 214 
Aloe isee Furcraea) 

Aloe. 286 

Alsike isee Trifolium) 

Alstonia. 203 
Amanita. 288 

Amaranth (see Amaranthus) 
Amaramhus. 400. 542 
Anibarclla (see Spondias) 
Ambari (see Hibiscus) 

Amber. 217. 221 
Ambrette ucc Hibiscus) 
Ambrosia. 540 
Atnclanchier, 358. 466, 542 
Ammobroma. 439 
Ammoniacum (see Doretna) 
Amniophila. 415 
Amorpha. 298 
Aniorphophallus. 284 
Atnylopectin. 349 
Amytis. 227 
Anabasis. 298 

Anacardium. 215. 229. 109, 486 
for oil, 323 
Anagallis. 542 
Ananas, ISO 
for fiber. 175 
Andira, 30, 31 
for medicinal. 287 
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ndiroba (see Carapa) 
ndropogon: 
for dye. 244 
for hav. 115. 120 
leilcma. 512 
nethiun. 259 

n»Hir;» | ‘>61 , fi 1^1— 

ngiosperms. 15. 17 
wood lot. Ulus., 18 
nil (sec Indigofcra) 
nisc, 328 (see also Pimpinella) 
nisoptcra. 229 
nnatto i see Bixa) 
nnona, 187 
for pectins. 200 
nthemis. 2l'»9. 519 
nthvllis. 116 
ntiaris. 171. 281 
ntibiotics. 273 
nu (s<v I ropaeolum) 
nogeissus. 212 
pios, 131. 512 
pium, 262. 26! 
for cclcriac. 132 
for celery, 112 
pocynum. 171. 293 
pplc (see Mains or Pyrus) 
pplejack, 529 
pricot f see Primus): 
kernel for oil, 327 
for fruit. 163 
puleia, 31 
rabinose, 207 
rabis, 512 
rachis, 320. 105 
rak, Batavian, 530 
ralia, 293, 

for greens, 115, 512. 513 
ramina (see Urena) 
raroba (see Andira) 
raucaria. 26, 31 
illus., 33 

rborvitae (see Thuja and Chamae- 
cyparis) 

rbtitus, for dvc, 215 
rchangelica, 261 
rcher, T. C., 10 
rciitim, 288, 512 
rctostaphylos, for dye, 214 
reca, for betel, 287 
renai ia, 512 
renga, 178, 316 
rikiuna (see Polymnia) 
risaema, 358, 139, 512 
‘magnac, 529 
nica, 287 

rachacha (see Arracacia) 
racacia, 131 
rak, 188 

rhenathcrum, 120 
Towhead (see Sagittaria) 


Arrow leaf (see Peltandra) 

Arrow poisons. 293 (see also Curare) 


Arrowroot. 319 
Arteinesia, 265 
lor santonin. 269 


for wormwood. 269 




Artichoke (see Cynara) 


Artificial leather, 115 
Artocarpus: 


breadfruit. 185 


jackfruit. 195 
Arum \see Peltandra) 
Asafoetida (see Ferula) 
Asaium, 293. 542 


Asclepias. 174. 177. 543 
for Indian food. 358 
for honey. 514 
for rubber. 200 
wild, for food. 512 
Ascomvcetes. 532 
Ash (see also Fraxinus). 22 
blue, for dye, 211 
Asimina, 467 
Asparagus, 439 
Aspen (see Populus) 
Aspergillus. 521. 534. 535 
Aspidosperma. 33 
Assai (5<r Euterpe) 
Astragalus. 210 
Astrocanuim. 317 
for oilseqd, 336 
Astronium. 33 
Ata (see Annona) 

Atabrine. 277 
Athrisca, 519 
Atriplex, 440, 510 
Atropa, 281 
Atropine. 282 
Attalea. 33. 777 
for oil, 317 
Attar of roses, 252 
Aucoumca. 21 
Auracaria. 229 
Aureomycin, 273, 275 
(see also Streptomyces) 

Avena, 385 
Averrhoa, 485. 486 
for pectin, 206 
Avocado, 53 (see also Pcrsea) 
for oil. 323 
Axonopus, 420 
Azadirachta (see Melia) 


Babassu (see Orbignya) 
Bacardi, 530 
Baccharis, 514 
Bacteria. 532 
importance in decay, 4 
Bacupari (see Rheedia) 


Bacuri (see Platonia) 

Bagasse. 340 

Bagiluinbang (see Aleurites) 

Bahia grass (see Panicum) 

Baking, with \cast. 532 
Balata. 200 

Bald cypress (see Taxodium) 

Balm (see Melisa) 

Balm of Gilead (see Populus) 

Balsa (see Ochroma) 

Balsam-of-Peru (see Myroxylon) 
Balsam pear (see Momordica) 
Balsam resins. 217 
Bainbarra groundnut (see Yoand- 
zeia) 

lianana, 471 (see also Musa) 
Banistcriopsis, 288 
Baobab. 21 
Baphia, 244 

Barbados cherry (see Malpighia) 
Barbarea. 443 
Barbasco. 295 
Barberry (see Bcrberis) 

Barcelona nut (see Corylus) 

Barley, 388 
Barosma. 269 
Barrels. 101 
Barwood (see Baphia) 
Basidiomycetes, 532, 536 
Basil (see Ocimum) 

Bassia. 216. 323 
Bassora (see Stcrculia) 

Bassorin (see Cochlospermum) 
Basswood (see Tilia) 

Bast fibers, 146 
Batavia cassia. 262 
Batavian arak, 530 
Bauhinia. 215 
Bavberry (see Myrica) 

Bay rum (see Pimenta) 

Beans. 401 

see Cajanus for cajan, Congo 
see Canavalia for jack, swordbean 
see Dolichos for bonavist, hya¬ 
cinth. lablab 
see Glvcine for sovbcans 

4 / 

see Pachyrhizus for manioc, yam 
see Parkia for locust bean 
see Phaseolus for ad/uki, black 
gram. bush, butter, field, gar¬ 
den, golden gram, great north¬ 
ern. green gram, green, haricot, 
kidnev, lima, marrow, matt, 

4 

moth, mung. pea. pinto, pole, 
rice, scarlet runner, snap, string, 
tepary, urd. vine, wax, yellow- 
eye 

see Physostigma for calabar 
see Stizolobium for velvet 
see Vicia for broad, horse, scotch, 
Windsor 
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Brans >( nut ) 

\ Bn .is|>au»iiN. \ai<fl long 
Br.tilu-Jiv rwr \rc Imt.iphs Josi 
Braigiaw «w \ ucc.ij 
lira hum id no KJi.imnii') 

IlnKiiau t \ri («.i I in in) 

Bcedi i.wv ha^iiNj 
Bcc< limit iwr I.igu M 
Bechiw o\cn. 121 

IBi plains, nil 

lira. Ml 

limscTin «wr I rifoliiivti) 

Bees as |K)llinaiois, nil 
Bed nr/ nf\o Bela); 
edible, 111 

Migar. 112 

Belladonna. 281 „«> Aiio.mi 
lien nrr Moiinga) 

Benedictine. '*. 1(1 
l‘en«.il Kino nee Duiea) 

Hem grass (see Vgrostis) 

Berberis. 161 . 513 
Bergamot nee Citrus) 

Beririiida grass isee Cvnodon) 
Berihollctia, 
for oil. 327 
Beta: 

for chard, - 112 
edible. 131 
for sugar. 312 
Betel. 2*7 
Betula, 28 
for food, 512 
B. lutca. \cllow birch. 16 
B. pnpvrifcra. paper birch. 16 
for wintergreen. 266 
Beverage plants. 501 //. 

Beverages: 
alcoholic. 520 
non alcoholic. 50| 

Bigaradc, 170 
Big tree (see Sequoia) 

Bilbergia. 175 
Bilimbi (see Averrhoa) 

Binder twine. 170 
Biological warfare. 299. 300 
Birch (see Ret 11 la) 

Birds foot trefoi, (see I. olus ) 

Bmha (see Rollinia) 

Bitterroot (see Gentiana) 

Bitters, 527. 529. 570 
Bittersweet (see Solanum) 

Bitterwort (see Gentiana) 

Bixa. 213 ' 

Blackberry (see Rubus) 

B ack medic (see Mcdicago) 

Bloodro 0 , {ue Sanguinaria) 

Vaednium) 

Blw flag (s« Iris) ' 


of 


Hlucgi.iw iwf |'oa) 

liliii'slrni i\rr Andiopogom 
Bocliiiuii.i. Ii,n 
I loci hom\ |>ois tsrr Protc.i) 

Bob ilc rosr. 255 
lioinJiax. 2H 
lioriibilla. 519 
Boncsci (u-r Ptipatorium) 

Bor.issiis. | 7 h. ;i|ft 
Borneo (allow. 121 
Boiojoa. |«n 
Boms cilia, 227 

Bouncing Bet (see Saponaiia) 
Boiirhon. 529 
Bousa. 522 
Bouteloiia. 115. 121 
Bowstring hemp ( ,ee Sanscvicria) 
Bovsenbcriy (see Rid.iis) 

Bracken isee I’teridium) 

Btamhle fruits. 160 uer also R„bus) 
Brands. 528 
Brassica. 261 
for broccoli. 110 
for Brussels sprouts. 440 
for cabbage, lit) 
for cauliflower. Ml 
for Chinese cabbage. 112 
for Chinese mustard. -M l 
for collard. 113 
for Indian mustard. Ml 
for kale. 113 
for kohlrabi. MS 
for ra ( H- oil. 327 
for rutabaga. 137 
for turnip, -137 
for wild green. 512 
Bra/ilnut (see Berthollctia) 
Brazilwood (see Cacsalpinia) 

Brea (see Cacsalpinia) 

Brea branca (see Protium) 

Bread. 379 

Breadfruit fsee Artocarpus) 

Brea.1 millet (see Panicum) 

Brebas. 493 

Brewing flow sheet. 523 
Broccoli (see Brassica, -M0 
Brorne grass (see Bromus) 

Bromelia for fiber. 175 
Bromclin. 182 
Bromus. 121 

Dr °°sus) f ° r CSSCm ' al 0iI <See C V‘ is 
Broom corn (see Sorghum) 

ssftr 

Broussonctia, !7| 

Brucine, 283 

Brussels sprouts. || 0 (see also Bras- 

sica) 

Uuchanania, 215 
Buchlo*. 421 



Bin bn BaioMna) 

Bmkhcan rvr Mrnxaiiihcs) 
Buckthorn r \rr Rli.iaimus) 
Buckwheat iwr lagopwum) 
Buflalnbem <ur Nhcpheidia) 
ihill.ilo glass tsrr Budiloc) 
Bugbanc i sn Cimi< ifuga) 
Bullocks heart twr Annona) 
Bmnelia. 20(1 
Burdoici (ur Mcdicago) 

Bm<iock uer Arctium) 

Biirgu iur Panicum ami Eclii 
ochloa) 

Bingiimh pitch (see I'icca) 
Burlap. 168 
Bmsera. 227. 230 
Butadiene. 191 
Butea. 215. 227 
Buioimis. 512 
Butter mu {sei > Carvocar) 
Butternut (see also Juglans): 
for dye. 211 


Caapi (see Banistcriopsis) 
Cabbage. 110 (see also Brassica) 
Cabbage palms. Ill 

Cabbage turnip. 443 (see also Bi 
sica) 

Cabu\a (see Furcraca) 

Cacao, 511 ,sre also Theobroma) 
Cacao butter (see Theobroma) 
Cacsalpinia. 30. 31 
for else. 211. 243 
for gums, 215 
for tannin. 238 
Caffeine, 508 

Caimito (see Chrysophyllum a 

I outena) 

Cajanus. 227, 105 
Cajeput (sec Melaleuca) 

Caju ($ee Anacardium) 

Cakilc. 512 

Calabar bean (see Physostigma) 
Calamus (see Acorus) 

Calaihea. 439 

Sit'S h0 " y "" 

Callitris, 229 
Calocarpum. 200 . 501 
Calocliortus, 358 
Caltha, 358 
Calvados. 529 

Calycophyllum, 30, 34, 227 
Camassia. 358 
Cambium, 61 
Cameraria, 200 
Campanula, 512 

Camphor. 55 . 267 (,„ ch 
naraomum) 

Camwood (see Baphia) 
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Canada balsam. 229 
Canafislula. 2X8 (see oho Cassia) 
Canaigre (see Ruinex) 

Canangium. 257 
Canai ium. 227. 11 1 
Cana\alia. 105 

Candclilla, 331 (see oho Euphorbia) 
Candle making. 311 
Candlcnut. 332 {see oho Aleurites) 
Cane grass (see Phragmitcs) 
Canigua. 100 
Canihtia. 100 

Canistel, 186 (sec oho Lucuma) 
Canna. 319. 139 
Cannabis. 162 
for food. 512 
for hashish. 281 
for seed oil. 332 

Cantaloupe. 119 (see oho Cucumis) 
Caoutchouc. 186 
Cape gum, 210 
Capers (see Capparis) 

Capparis, 262 
Caprifig. 193 
Capsella. 512 
Capsic um^ 265. 119 
ill us. from herbal, 9 
Capulin, 186 (see also Prunus) 
Carambola (see Averrhoa) 

Carand.l (see Copernicia) 

Cara pa. 31 
for oil. 323 

Caraway. 328 (see also Carum) 
Carbohydrates. 337 
Carbonated beverages. 520 
Carboniferous swamp forest, ill us. 5 
Cardamon (see Elcttaria) 

Carding of fibers. 162 
Carduus, 512 
Carica, 500 

# 

Carissa: 
for fruit. 486 
for pectin, 206 
Carludovica, 176 
Carnation, essential oil. 254 
Carnauba (see Copernicia) 

Carob gum (see Ceratonia) 

' Carolina tea, 517 (see also Ilex) 
Carotene, 430 

Carpetgrass (see Axonopus) 
Carpotrochc. 323 
Carrageenin, 214 
Carrot, 328 (see also Daucus) 
Carthamus: 
for dye, 224 
for seed oil, 332, 333 
Carum, 262, 542 
Carvone, 260 
Carya, 46, 413, 543 
nuts for Indian food, 357 
C. ovata, shagbark hickory, 16 


Carya (Con/.) 

C. pecan, pecan. 16. 410 
Caryocar. 323. 111. 502 
Caryota, 178 
Casa be. 128 

Castai a (see Rhamnus) 

Cashew isrr Anacardium) 
Casimiroa. 502 
Cassaxa (see Manihot) 

Cassia: 

for food. 512. 513 
for mcdicinals. 288. 292 
for pectin. 206 

Cassia, essential oil. 255, 262 (see 
aho Cinnamomum) 

Classic (see Acacia) 

Cassine. 517 (see also Ilex) 

Castanca. 47 
C. dentata. chestnut. 47 
foij food. 113, 543 
for tannin. 233 

Castanha do Para (see Bcrthollctia) 
Castanospermum. 413 
Castilla. 186, 195. illus. 196. 200 
Castorbean. 315 
Catnip (see Nepeta) 

Cattail (see Tvpha) 

Cattail millet (see Pennisctum) 
Cauliflower. Ill (see aho Rrassica) 
Caulophyllum. 293 
Caxa^a. 530 

Cayenne pe|>pcr (see Capsicum) 
Ccancthus. 519. 543 
“Cedar” (see Cedrela) 

Cedar, incense (see Librocedrus) 
Cedar, red (see Juniperus) 
Cedar-leaf (see Thuja) 

Cedar-nut (see Pinus) 

Cedarwood oil, 269 (see also Ju¬ 
niperus) 

Cedrela. 30. 31. 31. 216 
Ceiba, 21, 176 
for oil. 323 

Celandine (see Chclidonium) 
Celeriac (see Apium) 

Celery, 328, 442 (see also Apium) 
Celerv cabbage, 442 (see also Bras- 
sica) 

Celluloid. 115, 267 
Cellulose. 63 
Cellulose-acetate, 114 
Cellulose-nitrate, 114, 115 
Celtis, 34. 413 
Ccphaelis, 290 

Cerasin gum. 215 (see also Prunus) 

Ceratonia, 212, 407 

Cercis. 358, 542 

Cereals. 365 

Ceres, 365 

Cereus, 503 

Ceriman (see Monstera) 


Cetraria for gum, 212 
Cha (see Thea) 

Chacrophyllum, 432 
Chaentaccyparis, 44, 60 
C. lawsoniana, Port Orford cedar, 
60 

C. nootkatensis, Alaska yellow 
cedar. 60 

C. thyoides, 44, 60 
Chamaerops, 176 
Chamomile (see Matricaria) 
Champagne. 527 
Charcoal. 120 
Chard, 142 (see also Beta) 
Chartreuse, 530 

Chaulmoogra (see Taraktogenos and 
Hwlnocarpus) 

Chayote (see Sechium) 

Cheese making, 534 
Chelidonium. 293 
Chemurgy, 531, 518 
Chenopodium: 
canihua, 400 
for food, 542 
in hayfever. 540 
for medicinal, 268 
(|uinoa. 399 

Cherimova (see Annona) 

Cherry (see Prunus) 

Chervil. 328 

Chervil, turnip rooted (see Chaero- 
phyllum) 

Chestnut (see also Castanca): 
Chinese, 413 
European. 413 
Japanese. 413 
Moreton Bay. 413 
for tannin, 233 
Chewing gum (see Achras) 
Chew-root (see Taraxacum) 
Chicha,.522 
Chicte, 140, 200 
Chicory (see Cichorium) 

Chili, 449 

Chimaphila, 293 

China grass (see Bochmeria) 

China jute (see Abutilon) 

Chinese cabbage, 442 (see also Bras- 
sica) 

Chinese cinnamon (see Cinnamo¬ 
mum) 

Chinese mustard, 444 (see also Bras- 
sica) 

Chinese vegetable tallow (see Stil- 
lingia) 

Chiogcnes, 543 
Chittagong (see Chukrassia) 
Chittembark (see Rhamnus) 

Chives (see Allium) 

Chlorella. 534, 556 
Chlorogalum, 292 


INDEX 


551 


Chlorophora. SO. 24 s 
Chocolate isee Thcobinina) 
Chondrus. 211 
(.In istmas trees. 120 
Clnisiopliinc nee Secliium) 

Chi wmlhcmum. 297 
Chrxsobalanus. 195 
Chrvsophtllum. 200 , 5 02 
Chufa tscr C\perils) 

Chukrassia. 215 
Chuiio, 121 
Cicer. 101 

Cichorium. 132, 113. 510. 512 
Ciller. 155 
Cider, hard. 521 
Cigar cl le paper. 100 
Cigarettes. 302. 301 
Cimicifuga. 293 
Cinchona. 31. 275 
Cinchonidinc. 277 
Cinchonine. 277 
Cinnamoiniitn. 53 
for essential oil. 255. 258. 202 
for camphor. 207 
Cinnam on. ^5 8 
Cistus. 230. 255 
Citric acid fcimentation. 531 
Citron (sre Citrus and Cilriillus) 
Citronclla. 255 (see also Cvmhopo- 
gon) 

Cpnillus, 288. 41 2 
s^iirus. 52. 474 (J. 

for esseniial oil. 251. 255. 256 
263. 201 
for pectin. 206 
for perfumes. 253 
for seed oil. 327 
Claviccps, 288. 531 
for oil. 323 
Claylonia. 358. 512 
Clear cutting. 130 
Clcomc. 5-14 
Clethra. 542 
for honey. 541 
Clintonia. 542 
Clostridium. 534 
Clovers (see Trifolium) 

Closes, 

Club moss (see Lycopodium) 

Club wheat. 374 

Coal. 86. 537 

Coca (see F.rythroxylon) 

Cocaine. 280 (see also Erythroxvlon) 

Coccus. 244 

Cochineal. 244 

Cochlcaria. 512 

Cochlospermum. 215 

Coconut (see also Cocos): 

for fiber. 177 
^ for fruit, 488 

Coco-plum (see Chrysobalanus) 


Cocos: 

for fiber. 177 
for fruit. IMS 
for nil. 317 
•*oiiricuri \ 33. 336 
for sugar. 31b 

Coco-vam, old (see Colocasia) 

Coco-vain, new (see Xamhosonia) 

Onlcinc. 279. 2M0 

Codling moth. 155 

Coffca. 505 

ColFce. 505 

Cognac. f>28 

Cohash, blue (sre Caulophyllmn) 
Cointreau. 530 
C oir. 177 (see also Cocos) 

Coix. 396 
Cola. 517 

Cola beverages, 520 
‘Cola’ flavoring. 281 
Colchicine. 292 
Colchicum. 292 

Cold fat extraction of essential oils, 
219 

Coleus. -131 

Collards. -113 (see also Brassica) 
Colocasia. 132 
Colocvnth [see Citrulhis) 

Colorado river hemp (see Scsbania) 
Coltsfoot (see Tussilago) 

Colubrina. 520 

Coinmba (see Jateorrhiza) 

Combines. 363 
Combining. 363 
Combing of fibers. 162. 170 
Combrcium. 21 
Cominclina. 512 
Commiphora. 228 
Compreg. 117 

Congo rubber (see Landolphia) 
Coniferales. 15 
Conium. 292 
Connectors, for wood. 83 
Conocarpus. 235 
Convallaria. 291 
Convolvulus. 230 
Cooking fats. 312 
Cooperage. 99. illns. 100, 101 
Copaiba (see Copaifcra) 

Copaiva (see Copaifera) 

Copaifera. 21. 30. 225. 226 

Copal, 217. 226 (see also Copaifera) 

Copernicia. 33. 178. 333. 335 

Copra. 319 

Coptis, 293 

Corchorus. 167 

Cordage. 170 

Cordials. 530 

Coriander, 328 (see also Corian- 
drum) 

Coriandrum. 262 


Cork. 122 
articles from. 125 
auctions of. 123 
bark of. 121. 125 
oak. 28. 122 

photomicrograph of. 123 
stripping of. 123. Ulus. 121 
Corkwood. 22 
Corn: 

for food. 161 
for oil, 325 
for starch. 317 
Cornstarch. 348 
Corn sleep liquor. 325. 348 
Coro.-i (see Neoglariovia) 

Cory lus. 323. 410 
for Indian food. 358 
Cosmos. 542 
Cotinus. 245 
Cotton. 150 

American upland. Ulus. 153 
Asiatic, illns. 153 ^ 

linteis. Ill, 151 
perennial. 152 
picking of. 154. 155 
preparation for spinning. 155 
production of. 157 
Sea Island. 152. illus. 156 
stripping. 155 
uses of. 155 
wax from fibers. 335 
Cottonseed oil. 325 
Couina, 200 

Coumarin (see Dipteryx and Liatri 
Con rata ri. 33 

Crabapplc (see Mains or I’yrus) 
Crabgrass (see Digitaria) 

Crambe. 445 

Cranberry. 465 (see also Vacciniun 
Cranesbill (see Geranium) 
Cractagus, 166. 498 
for Indian food. 358 
Creaming of latex, 206 
Cream nut (see Berthollctin) 

Cream of tartar. 528 
Creme dc cacao. 530 
Creme dc menthe. 530 
Cress, garden (see Lepidium) 
Cress, spring (see Barbarea) 

Cress, water (see Nasturtium o 
Rorippa) 

Crin vegetal (see Chamaerops) 

Crm vegetal. American (see Diplo 
ihcmium) 

Criollo. 517 
Crocus: 

for essential oil, 256 
for dye. 213 
Crotalaria. 173.-416. 115 
Croton. 281. 298 
for oil. 327 
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Cnptostegia. 199 
Crvptotaenia. 512 
Cuba jute isee Sida) 

Cube. 295 

Cubeb. 269. 288 (Are also Piper) 
Cucumbei i.wr Cuctimis) 

Cucumis, 117. -HS 
Cucurbita: 

for pumpkin and squash. 150 
seed for oil. 333 

Cucurbitaceae. lood seeds of. 100 
Cumin. 328 (see also Cuminum) 
Cuminum. 203 
Cunninghamia. 23 
Cnpania. is 1 

Cuprammonium process, for ra\on, 
111 

Cupressiis. 30 

Cupu-assu, 188 (see also Theo- 
broma) 

Curacao. 530 

Curacao apple Isre Eugenia) 

Curare. 282. 283 
Curcuma: 
for dye. 211 
for spice, 266. 265 
for starch. 319 
Curing, of tobacco, 301 
Currant (see Ribes) 

"Currants”, 160 
Custard apple (see Annona) 

Cutch. 211 
Cyamopsis, 212, 106 
Cycas for gum. 215 
Cyclamen. 255 
Cydonia, for gum. 212 
for fruit, 170 

Cvmbopogon. for essential oil, 251, 
255, 256 
Cynara, 139 
C.vnodon. 121 

Cypcrus, 176. 323, 137, 519, 512 
Cyphomandra, 503 
Cypripcdium. 293 
Cvtissus, 251, 513 

4 

Dacryodes, 227 
Dactvlis. 121 

4 

Daemonorhops, 230 
Dahlia, 317 

Dahoon, 517 (see also Ilex) 
Dalbergia, 30, 31 
Dallis grass (see Paspalum) 
Dalmatian powder, 298 
Damars, 217, 226 
Dandelions (see Taraxacum) 
Dangleberry (see Gaylussacia) 
Daniella, 226 
Dashcen (see Colorasia) 

Date (see Phoenix) 


Datura. 290 
Daucus. 131. 512 
DDT. 271. 291 

Deadly nightshade (see Atropa) 
de Candolle. 8. 9, 353 
Decay, I 

Deccan (see Hibiscus) 

Delphinium. 293 
as weed. 511 
Dcmulcicnts. 205 
Dent aria. 512 
Dent corn, 369 
Den is. 281. 295 
Desmodium. 116 
Detasseling. of corn, 370 
Devils trumpet (see Datura) 
Dewberry (see Rubus) 

Dextrin. 317 
Dextrose, 337 
Dhak (see Butea) 

Dianthus, 251 
Diastase. 521 
Diatomaceous earth. 536 
Dicentra. 293 
Didiptera. 512 
Dictamnus. 520 
Diffuse-porous, 65 
Digitalin, 281 
Digitalis. 281 
Digitaria. 397 
Digitoxin, 284 
Dill. 259. 328. Ulus. 260 
Dillenia, 195 
Dioscorea, 438 
Diospyros. 21, 26, 169 
for honev. 511 
for Indian food, 358 
wild, for food, 542 
Dipholis. 200 
Diplothemium, 176 
Diptcrocarpaceae. 217 
Diptcrocarpus, 230 
Dipteryx. 263 
Dirca, 513 
Disease, 531, 532 
Distillation: 
destructive. 121 
of essential oils, 243 
of turpentine. 222 
of wood. 119 
Distilled spirits, 528 
Divi-divi (see Caesalpinia) 

Djave (see Mimusops) 

Dock (see Rumex) 

Doctrine of signatures. 8, 273, 291 
Dogbane (see Apocynum) 

Dolichos, 106, 542 
Domestication, beginnings of. 7 
Domestication: 
centers of. 354 
of food plants, 353 


Donkey engine, 132 
Dorcma. 230 
Doryophora, 268 
Dothidella on rubber. 187, 191 
Douglas fir (see Pscudotsuga) 
Dovyalis, 503 
Dracaena, 230 

Dragon blood (see Daemonorhops) 

Drimys, 34 

Drosera, 293 

Drvabalanops, 267 

Drvopteris, 293 

Duboisia. 292. 298 

Duco enamel, 531 

Durian (see Durio) 

Durio. 190 
Durra (see Sorghum) 

Durum, 374 

Dutchman's breeches (see Dicentra) 

Dyera. 203 

/ 

Dyer's green (see Genista) 

Dyer's rocket (see Reseda) 

Dyes, 238 

Earth almond (see Cspcrus) 

Earth nut (see Arachis) 

East India Co., 510 
Ebony, 21. 26 
Echinochloa, 395 
Echinops, 544 
Edipta, 512 
Economic botany: 
encyclopedias, 9 
old texts, 9, 10 
recent trends, 10 
Edible wild plants, 541 (]. 
Eggplant, 447 (see also Solanum) 
Eichhornia, 541, 542 
Einkorn, 374 
Elacagia, 230 
Elaeis, 21 
for oil, 317 

Elderberry (see Sainbucus) 
Elecampane (sec Inula) 

Elemi. 226 
Elettaria, 262 
Eleusine, 395 
Elm (see Ultmis) 

Elymus, 415 
Enimer, 374 
Emollients, 205 
Enamel, 313 
Endive (see Cichorium) 

Endomyces. 534 
Enfleuragc, 249 
Entandrophragma, 21 
Enterolobium, 30, 31, 34, 216 
Ephedra, 288 
Ephedrine (see Ephedra) 

Epicampes, 177 
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Epilobitim. 512. 5 13 
for honev, 511 
Fragrostis. 397, 12! 

Free hires. 512 
Ergot iur Clav iceps) 

Ergot in ine. 2XX 

Frigenia. 512 

Erigeron. foi essential oil. 269 
Frioboma. 4 % 

Frodium. 512 
Fmliionimn. 35s 
Fr\throw Ion. 2X0 
Esparto i see Siipa) 

Espciseite iw OiMil>r\< Inis) 
Essences. 2ll> /I. 

Essential nils, 216 
for flax on. 25S 
in indusirx. 266 
for mcdicinals. 266 
lor perfumes. 251 
Eihxl alcohol. .521. 532. 533 
F.ucalvptiis. 26, 36 
for essential oil. 263 
Etichlaena, 369 
Eugenia: 
for closes. 259 
for fruit. 190 
for pectin. 206 
F.iipatoiiiun. 293, 511 
Euphorbia. 200 
for oils. 332 
for resin, 230 
for wax, 331 
Euphoria. 196 
Euierpe. 185 
Evernia, 256 
Evonymus. 298 
Excelsior. 102 
Exogonium. 290 
Expression: 
of essential oils, 250 
of fixed oils, 310 


Fagopyrmri: 
for dye, 244 
for food, 398 
for honey. 514 
Eagus, 27 

F- grandifolia. Ain. beech, 47 
nuts for Indians' food. 357 
nut for oil, 327 
seeds for food. 413 
wild, for food, 542 
Fairbanks house. 83 
Famine, threat of, 364 
Farinha, 427 


Fats, 308 
Fatty acids, 311 
Feijoa, 491 
Fennel, 328 (see 


Focniculum) 


Fenugreek iur Trigonella) 
Fermentation: 
of grape-. lot wine. 526 
industrial. 512 
of wood products. IIX 
Fem rcsscniiaJ oil). 255 
Feronia. 215 
Ferula. 210 
Fescue nee Fc-stuc.i) 

Festma. 121 
fctcrita nee Sorghum) 

Fillers. 115 
bast. 116 
(Maiding, MX 

brush. 1 IS 

classifrc.ition of. Mb 

comparative ranking of. 150 

cordage. 1 lx 

cotton. 150 

economics of. |£() 

flax. 160 

filling. IIX 

future of. ! 79 

ginning of. 1 17 

hard. 117 

history of. I |8 

leaf. 117 

miscellaneous. 173 
soft. 116 
stem. 116 
spinning of. M0 
structural. 117 
surface. M7 
textile. M7 
treatment of. 162 
wood. 63 
Fibrils. 63 
Ficus. 227. -191 
for rubber. 200 
Fig (see Ficus) 

Figuc (see Furcraca) 

Filbert (see Corvlus) 

Fillers. 107 

Finger millet (see Eletisinc and Die 
itaria) ° 

Fining, of wine. 528 
Fir (see Abies) 

Fir. Douglas <jre Pseudotsuga) 
Fireproofing, of wood, 90 
Fish and fisheries. 535 
Fitzroya. 34 

Fixatives, for perfumes, 25*> 
Flacourtia, 501 
Flavoring, for tobacco, 304 
Flavoring oils. 257. 258 
Flax, 158 

acreage of. 159 
for fiber, 160 
for linseed oil. 328 
pulling of (illus.), 160 
for seed, 160 


Flax (font.) 

spinning of. 162 
Flint corn. 360 
Flitch. 05 
Floriculture. 511 
Flour, for bread. 372. 179 
Flour corn, 169 
Fly agaric (see Amanita) 

Fodder veast. 119 
Focniculum, 263. 512 
Fonio [see Paspalum) 

Foodfs): 

«»f American Indian. 357 
<>t the continents. 359 
itom forest. M2 
of new and old worlds, 360 
Food plants. 353 
Food seeds. 398 
Forage plants, 115 
grasses. 119 
Forastcro. 517 
Forests: 

aesthetic and recreational valu. 
of. M2 

disease protection. 139 
fire control. 139 
food from. M2 
present status of. 129 
wildlife protection of. M2 
Forests: 

Africa, 20 
Asia. 21 

Australia and Pacific Islands. 2f 
Europe. 27 

Mexico. Central America, an 
'Vest Indies. 29 
South America, 31 
U. S. and Canada. 36 
Tropics, M 0 
Forest belts (types): 
deciduous hardwood. 39 . -14 
northern coniferous. 38, 40 
Pacific coniferous. 39. 55 
Rocky Min. coniferous. 39. 53 
southern coniferous. 39, 50 
standing volume in. 134 
s "^‘ ro P ical evergreen hnrdwooc 

of u. S., illus. 36, 39 
Fortified wine, 525 
Fortunella. 474 
Fourdrinier screen. 107, 110 
Foxtail millet (see Sctaria) 

Fra-frn potatoes (see Coleus) 
Fragaria, 46/. 520, 
for Indian food*358 
wild, for food. 542 
Frangula (see Rhamnus) 
Frankincense (see Bosxvetlia) 
Fraxinus, 22. 27, 50 
F. ainericana, white ash, 50 
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axinus (Con/.) 
blue, for dye. 211 
uctose. 317 
uits, 1 If) 

of herbaceous annuals, lib 
of temperate perennials. 152 
tropical. 170 

uta dc Conde (see Annona) 
tngi, importance in decay, 1 
ingi, microorganisms. 531 
intumia, 200 
ircraea, 171 
nfinal, 115. 158. 538 
linilurc, design or style, 95 
istic (see Chlorophora) 
i el wood. 85 
burning of, 86 

albanum (see Ferula) 
alinsoga, 512 
alium. 211, 512. 513 
ambier (see Uncaria) 
amboge (see Garcinia) 
amote (see Phelloptetus) 
arbanzo (see Cicer) 
arcinia, 230 
for dye. 215 

for mangosteen fruit, 198 

arden heliotrope (see Valeriana) 

ardenia, 230. 255 

arlic (see Allium) 

alto gum (see C.eratonia) 

aultheria, 266, 293, 520. 512 

aylussacia, *166 

eiidium, 213 

cnet (see Cytissus) 

enipa, 191 

'enipapo (see Genipa) 
renista, 215 

.entian, (see Gentiana) 
entiana, 289 

’.eocarpa groundnut (see Kcrstingi- 
ella) 

'ieraniol, 270 
.cranium, 293 
Geranium oil. 253 
Jerm, of seed, 325, 318 
Jeum, 513 

^hatti gum (see Anogcissus) 
Gherkin (see Cucumis) 

'Jin, 529 

'Jinger (see ^Zingiber) 
linger ale,*522. 

Jing er beer, 521^ 

Jinkga scccl for food, *113 
Jinseng (see Panax) 

Jleditsia, 107, 513 
for honey, 511 
Jliaden, 377, 391 
Jliricidia, 30, 509 


Glucose, 337 
Glucose residue. 63 
Glues. 96. 97 
Gluten. 318. 377 
Glutcnin. 377. 391 
Glvceria. 397 
Glvcerides. 309 
Glycerin, 311 
Glycine, for oil. 328 
Glycosides. 273 
Glycyrrhiza, 291, 512 
Goiabada. 195 
Golden apple (see Spondias) 

Golden rod (see Solidago) 

Goldenseal (see Hydrastis) 

Golden thistle (see Scolytnus) 
Goldthread (see Copt is) 

Goober (see Arachis) 

Gooseberry (see Ribes) 

Gossypium. 150. 325 
wax from fibers, 335 
Governor’s plum (see Flacourtia) 
Gracilaria, 213 
Grain, 365 

Grain neutral spirits. 529 
Grain of wood: 
interlock, 72 
ribbon, 72 
stripe. 72 

Grama grasses (see Bouteloua) 
Granadilla (see Passiflora) 

Grape. 156 (see also Yitis) 

Grapefruit (see also Citrus): 

for essential oil, 263 
Grape-seed (see Vitis) 

Grasses: 
for cereals, 365 
for forage. 119 

Gravata (see Bromelia, Bilbergia, 
Ananas) 

Greenwood (see Genista) 

Grinding of corn, 368 
Groats, 386 

Grosclha (see Phyllanthus) 
Groundnut (see Apios, Arachis, 
Panax) 

Groundwood process of pulping. 
106 

Guaiacum, 30. 67, 230 
Guanabana (see Annona) 

Guar (see Cyamopsis) 

Guaran«1, 518 (see also Paullinia) 
'Guava'(see Psidium) 

Guaxima roxa (see Urcna) 

Guayule. 197, ilhts. 198 (see also 
Parthenium) 

Guiana nut (see Caryocar) 

Guilielma, 501 

Guinea grass (see Panicum) 

Gui/ota, 332 
Gum (see Nyssa) 


Gum arabic, 207 
Gumbo (see Hibiscus) 

Gum-resins. 217 
Gums, 201, 207 
Gutta-percha (see Palaquium) 
Gwnnodadus, 512. 513 
Gymnosperms, 15 

Hackberry (see Celtis) 

Hackling, of fibers. 162 
Haematoxylon, 30, 212 
Haiari, 295 
Hamamelis, 269. 512 
Hancornia, 198. 197 
Haplophvton. 298 
Hardwoods, 15. 17 
distillation of. 120 
production of, 133 
temperate, 17. 20 
tropical, illus. 19. 21, 21, 25, 32 
Hashish (see Cannabis) 

"Hashishins”, 286 
Hawthorn (see Crataegus) 

Hayfcver, 539 
Ha/el (see Corylus) 

Heartwood, 62 
Hedcoma. 269 
Hedrick. U.P., 10 
Hcdysarum. 512 
Heironyma, 31 
Hclianthus, 317, 100 
for Jerusalem artichoke, 131 
seed for oil. 328 
wild plants for food, 512 
Heliconia, 139 
Heliopsis, 298 

Heliotrope (see Heliotropum) 
Heliotropum, 255 
Hellebore (see Veratrum) 
Hcmerocallis, 512 
Hemlock (see Tsuga) 
for tannin. 235 

Hemp, 163 (see also Cannabis) 
Hemp-seed (see Cannabis) 

Henbane (see Hyoscyamus) 
Hcncquen, 171 
wax from. 336 
Henna (see Lawsonia) 

Heracleum, 358, 512 

Herbal, Lobel, illus., 9 

Herbalists, 8 

Herbicides. 271, 299 

Herbs, wild, for medicinals, 293 

Hevea, 31, 185 

H. brasiliensis, tapping of, illus. 

187. 188 
oil from, 332 
Hevogum (see Ceratonia) 

Hibiscus, 173 
as food, 1*18 
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Hibiscus t Coni.) 

b>i pci I mill's, 251 
IIkkoi \ i \ct ( .11 \;i) 

Hides. tanned. 232. 233 
High grading. 137. 139 
Hit'll i iggct. 132 
Hilaria. 1151 
Historx of: 
agriculture. 3 
ancient plants. 7 
c ivili/ation. 3 
domestication. 7 
economic hot am. 8 
man and plants. 3 
Hoar hound urr Mairubimn) 
Holoceli.ilosc. 63 
Homespun. 165 
Hoininv. 368 
Honda par a (see Dillcnia) 

Honev. 511 

Honndew. US <<rr nhn Ctiutmis) 
Hones flower (see Melianthus) 
Honev locust {S ee Glcditsia) 

Hopea. 226 
Hops. 260 
Hordeum, 388 

Hormone growth regulators. 299. 
300 

10 prevent fruit drop. 155 

HorscradishjVc^Rorippa) 
Hucklcbcrrv (see Vaccinium and 
Gas lussacia) 

Humectants. for tobacco. 301 
Humulus, 260. 512 
Hura. 31 

Husk tomato ace I’hysilis) 

Hyacinth (see Hyacinthus) 
Hyacinthus. 255 
Hybrid corn. 370 
Hydnorarpus. 288 
for oil. 323 
Hydrastis. 289 
Hydrocotyle. 512 
Hydrogenation, 312 
Hydrolysis: 
of hemicel lu lose. 115 
of starch. 347 
of wood. 115, 118 
Hydrophyllum. 512 
Hymenaca. 30. 31. 226 
Hyosnamine, 282, 290. 291 
Hypericum. 293 


Icaco (see Chrysobalanus) 
Iceland moss (see Cetraria) 
Hex. 33. 513 
for honey. 541 
I- paraguariensis. mart, 519 
I. vomitoria, cassine, 517 
Ilurium, 265 


lllipe isrt H.issia) 

Irnhu. 195 iwv also Spondias) 

Imju eg. 117 

liuerive cedai iwr I iboccdui'i 
lucli.i gum i mi- Sicrctilia. Anogei*«sus, 
(ck hlospeinuiiri) 

Indian coin i\cr /ea) 

Indian i.\«n.j foods. 357 
Indian hemp iwr Aj>oc\nuin) 

Indian mallow (see Abmilon) 

Indian mustard. Ill (see also Bias- 
ska) 

Indigo tstr Indigofeta) 

Indigofera. 210 

Indigotinc. 211 ^ 

Indigo while. 211 
Industrial fermentations. 532 
Inga. 195 

Insecticides. 271. 291 
Inula. 293. 543 
Inulin (see Dahlia) 

Incline number. 309 
lonone. 251 
Ipecac tsre Cephaelis) 

Ipecacuana (see Cephaelis) 

Ipomoea: 

for Indian food. 358 
for iticdicinals. 290 
for resin. 231) 
scainmonv. 292 
sweet potato. 429 
wild, for wood, 512 
Iris. 2. 56. 293 
Irish moss (see Chondrus) 

Iron wood, black (see Olca) 

Iron wood. S.Am. (see Krugiodend* 
ion) 

Isatis. 211 
Isile. 171 
lula. 171 
jaumavc, 171 

Ivory nuis (see Phylclcphas) 

Jaborandi (see Pilocarpus) 

Jaboticaba (see Mvrciaria) 

Jacassar (see Schlcichcra) 

Jackfruit, 195 (see also Ar.ocarpus) 
Jack-in-ihe-pulpii (see Arisacma) 
JaRRcry. 3IG 

Jalapa (see Ipoinoea) 

Jambolan (see Eugenia) 

Jambu (see Eugenia) 

Jande gum (see Ceraionia) 

Japanese barnvard millet (see Echi- 
nochloa) 

Japanese isinglass. 212 
Japanese gelatin. 212 

Japanese medlar (see Eriobotrva) 
Japan (allow (see Rhus) 

Jasmine (see Jasminum) 


Jasminum. 255 
Jateoi rhi/a. 288 
|atmpha. 200 
Java rantala. 171 
wsl,s « Java plum (sec Eugenia) 

Jcrus.ilem artichoke (see Helianthii 
Jesuit tea. 519 (see also Ile\) 
Jimson weed (see Datura) 

Job's tears (sec Croix) 

Joe P\c weed {sec Eupatorium) 
9 as- Johnson grass (sec Sorghum) 
Jojoba (see Simmondsia) 

Juliaca. 178 
^Jliglans. 22. 46. 543 

). cinerca. butternut, -16, 412 
for du\ 244 

J. nigra, black walnut. - 16 , 412 
nuts for Indian food. 358 
for oil. 333 
J. regia. 412 

Jujube. -I9G (see also Zizyphus) 
Juletong (see Dyera) 

Junctis. -115 

Jiinebcrry (see Amelanchicr) 
Jiiniperus. 20 
for essential oil. 269 
J. c.vcelsa. Ulus. 22 
for food. 513 
for gin flavor, 529 
J. virginiana, red cedar, 52 
Jute, 167 


Kadaya (see Sterculia) 

Knffa houses. 506 
><!• Kalfir (see Sorghum) 

Kalna, 21 

Kale. 443 (see also Brassica) 
Kanten. 212 
Kapok (see Cciba) 

Karaya gum (see Sterculia) 

Karo. 317 

Katilo (see Sterculia) 

Katio oil. 323 
Kauri pine: 
i/lus. 26 
resin of. 227 

'*) Kavaknva, 291. 519 (see also Piper) 
Kcawe (see Prosopis) 

Kci-apple (see Dovvalis) 

Kcnaf (see Hibiscus) 

Kendall green (see Genista) 

Kernel oils. 318 
Kcrstingiella, -106 
•- Ketcmbilla (see Dovvalis) 

Khat. 519 (see also Catha) 

Khorasan wheat. 374 
Kidney vetch (see Amhyllis) 

Kiln drying, illus. 75. 88 
Kinos, 217 
Kirsch. 529 
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.oaliang ( sec Sorghum) 

.ochia, 510. 512 

*ohlrabi, 113 (see also Brassica) 
Taeusening. 523 
.rail paper. I OS 
jaincria. 291 
*rugiodendron, 67 
aidzu (see Pueraria) 

.ullo (see Slerculia) 
tUinmcl. 530 

viimquat (see Fortunella) 
lussum (see Schleichera) 
ten a (see Slerculia) 
aitiva ( see Cochlospermum) 
iVass. 522 


.abdanuin, 230 

for essential oil. 255 (see also 
Cistus) 
ac. 227 
.accifer, 227 
ace bark (see Lagetta) 
acquer. 228 

actic acid fermentation. 531 

actiferous plants, 185 

.achtobacilltis, 531 

actose, 337 

actuca, 443. 542 

adanum, 230 

adino (see Trifolium) 

ady's slipper (see Cypripcdium) 

agering, 522 

agetta, 174 

akce gum (see Ceratonia) 
allemantia, 332 
aminaria, 214 

.animated structure. 9. 98. Ulus. 98 
'.aminuin, 542 
.andolphia, 199 
andscaping, 545 
angsat (see Lansium) 
ansium, 496 
( .arch (see Larix) 
j.aretia, 230 
,.arix, 28. 43. 54 
L. laricina, tamarack, 43 
L. occidentalis, west, larch, 51 
, for resin, 230 
.arkspur (see Delphinium) 

’athyrus, 256, 406, 416. 542 
. for honey, 544 
,.auter tub, 521 
.avandula, 255 
..a vender (see Lavandula) 
awsonia, 245 
axtonberry (see Rubus) 

,eaf mustard, 444 (see also Brassica) 
.eather making, 232 
.ecythis, 33, 409 
eelis (see Allium) 


Lees, nl wine. 528 
I eguminosae. for food seeds, 401 
Lemon (see Citrus) 
for essential oil. 255 
Lcmongrass oil. 251 
Lens. 405 
Lentil (see Lens) 

Lepiditim. 443, 542 
Leren (see Calathea) 

Lcspede/a. 416 

Lettuce. 143 (see also Lactuca) 

Levu lose. 337 
Liatris, 263 
Libocedrus, 34, 59 
Licania, 332 

Licorice (see Glycyrrhi/a) 

Licuri. 336 (see also Cocos) 

Lignin. 63. 115 
Lignum-vitae (see Guiacum) 
Ligusticum. 542 
Lilac (see Syringa) 

I ilv ol-the vallev (see Convallaria) 
Lime (see Citrus) 
for essential oil. 264 
Limestone formation. 536 
Linaloe, 255 
Linalodl. 270 
Lindackeria. 323 
Lindera. 520, 543 
Lindley, John. 10 
Linoleum, 313 
Linoleum cement, 116 
Linolenic acid, 309 
Linolic acid. 309 
Linseed. 328 
Linters. 151 
Linum, 158 
for gum. 212 
for linseed oil, 328 
Lippia. 520 
Liqueur, 530 
Liquidambar. 48 
for storax, 229 
Liriodendron, 48. 544 
.yl.itchi, 496 

Litmus (see Roccclla) 

Llacou (see Polymnia) 

Loasa, 358 
Lobelia, 291 

Locoweed i see Lupinus) 

Locust (see Robinia) 

Locust bean gum (see Ceratonia) 
Lodging: . 
of wheat, 376 
of oats. 386 

Loganberry (see Rubus) 

Logging practices, 132 
small farm, 135 
Logwood (see Hacinatoxylon) 
for dves, 242 

4 

Lokao (see Rhamnus) 


Lolium, 421 

Lonchocarpus, 295 

Longan, 196 (see also Euphoria) 

Lophopetalum, 284 

Lophophora. 291 

Loquat (see Eriobotrya) 

Lotus, 406, 417 
for honey, 544 

Lotus, American (see Nelunrbo) 
Louisiana grass (see Axonopus) 
Love grass (see Eragrostis) 

Lovoa, 21 
Lubricants, 314 
Lucerne (see Medicago) 

Lucuma, 200,486 (see also Bouteria) 
for Sapotc, 502 
Luffa. 178 

Lumber and sawed timbers, 80 
for construction, maintenance and 
repair, 80 
consumption of, 81 
for crating and shipping supplies 
84. ill us. 84 
fastening of. 83 
laminated structure, 91 
for manufactures, 84 
mine timbers, 86 
pilings, 86 
plywood, 91 
poles, 86 
posts, 86 

production in U.S., 135 
veneer, 91 
Lumbering, 130 
clear cutting, 130 
mechanized, Ulus. 131 
modern methods, 132 
portable mills for, 137 
selective cutting, 130 
small mills for, 136 
Lumberjack, 130 
Lupinus, 417 
as weed, 541 
Luogum (see Ceratonia) 

Luposol (see Ceratonia) 

Lycium, 542 
Lycopersicum: 
fruit, 451 
seed for oil, 328 
Lycopodium, 293 
Lycopus, 542 


Macadamia, 414 
Mace (see Myristica) 
Machacrium, 31, 34 
Maclura, for dye, 245 
Macrocystis, 214 
Madder (see Rubia) 
Madhuca, 216, 347 
Madia, 542 
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Madiona \see Arbutus) Marjoram iwr Ori^iiiiiin) 

Maftira n<v i rirliilia) Manubiiiiii. 269. 513 

Magnet. 171. 171 i see also Agave. Mamnia. IIS 
Furrraca) Mash. 521 


“Mahoganies," 2! 
Mohogam tuc Swietenia 
Maize: 

loi* food. ?6> 
for oil. .125 
for March, 117 
Malav apple isee Eugenia) 
Male fern iwr Drvopieris) 
Mallow are Malva) 
Malpighia. |H5 
Malt. 1 * 9 . 521 
Maltose, 117 
Mains: 

foi ctahapplc. 165 
for fruit. /5? 
for Indian food. 158 
for pectin. 207 
Malva. 293 


Malva blanca nee I’rena) 

Mamao. 500 (see also Carica) 
Mamey, 197. 501 (jre also Calocar- 
puni, Mammea) 

Mamtnea. 197 
Marnmee (see Mammea) 

Mamoncillo (see Mclicocca) 
Mandarin orange (see Citrus) 
Mandioca (see Manihot) 
Mandragora. 291 
Mandrake (see Mandragora) 

Manga ha ($ee Hanrornia) 
Mangabeira (see Hancornia) 

Mangel, mangel-wurzel {see Beta) 
Mangifera, 197 
.^[ango [see Mangifera) 

Mangosteen (see Garcinia) 

Mangrove (see Rhi/ophora) 
for tannin. 236 
Manitoba, 196 
Manihot. -f27 
for pectin. 206 
for rubber. 196 
for starch. 347, 348 
Manila hemp. 168 
Manilkara. 200. 501 
Manioc (see Manihot) 

Manioc bean (see Pachvrhizus) 

Manna grass (see Glyccria) 

Mannose. 337 


Manzanilla, -198 (see also Grata™ 
Maple (see Acer) 

Maple sugar, 315. 316 
Maraciijd (see Passiflora) 

Marang, 196 (see also Artocarpusl 
Maranta, 319 1 


Margarine, 313 


Marijuana (see Cannabis) 
Mariposa (see Calochortus) 


Massccuitc, .111 
Mastic (see I’isiacia) 

Mate. 519 (<»*• also Ilex) 
Nfatiicaiia. 269 
Matte. 519 nee also Ilex) 
Mattipp.il isre Ailanlhus) 
Mauritius hemp ur« Furcraca) 
Mas apple isee Podophvllunt) 

Mas Ha. 323 
Mead. 521 

Mechanization of agriculture. 363 

Mcdcola. 512 

Medic (see Med it ago) 

Mcdirago. 117. 5 14 
Medical mycology. 531 
Medicinals, 271. 272 
front essential oils. 266 
Medlar t see Mcspilus) 

Melaleuca. 21. 269 
for honey. al l 
Melanorrhoea. 228 
Melia. 215 
Mcliantlms. 317 
Mclicocca. 197 
Mclilotus. -118. 511 
Melissa. 262 
Mclloco isee Cllticus) 

Melons, curumis. 118 
Mentha: 

for beverage. 520 
for Japanese mint. 261 
for peppermint. 26! 
for spearmint. 265 
Mcnvanthes. 293 
Mcrcurialcs. 332 

Mescal buttons (see Lophophora) 
Mcspilus. 167 
Mesquite (sec Prosopis) 

Mesquite gum. 215 
Metate. 368 
Methanol. 121 
from wood. 119 
Mctroxylon. 319 
Micclls. 63 

Microbial farming. 536 
Microflora, of seas. 535 
Micromcria. 520 
Microorganisms, 531 
Middle lamella. 63 
Middlings, 378 
Mignonette (see Reseda) 

Milkweed (see Asclepias) 

Milkwort (see Polygalal 
Millet. 394 
Milletia. 298 
-'filling, of Hour. 379 
Milo (see Sorghum) 


5.5 

Mimosa (ser Acacia) 
foi essential oil. 256 
Mmiusops. 200. 321 
Mine timbers. 86, 87 
Mint. Japanese, 261 also Men 
tha) 

Mitchella, 291 
Mocha. 506 
Modified woods, 116 
Molasses. 341 

Molding powder. 115. 116 
Molds. 271. 532 

Mombin, red. 498 {see also Spomlias 

Mombin. v cl low (see Spondias) 

Momotdica. 146 

Monatda. 520 

Monkcv pots. |t )9 

Monk’s hood (see Aconiium) 

Monotropa. 542 

Monstcra. 187 

Montia, 358 

Morchella, 536 

Morel. 536 

Moringa. 215. 323 

Morphine. 279. 2.80 

Morus. 467, 513 

Mountain apple (see Eugenia) 

Mucuna, 284 


Mullein (see Verba scum) 
Muruiuuru (see Astrocaryum) 
Musa: 
abaca, 168 
banana. 471 
Mush. 368 
Mushrooms. 536 

Muskmelon. -1-18 (see also cucun 
Must. 526 

Mustard (see Brassica) 

Mvrciaria. 196 
Myrica. 323. 542 
Mvristica. 264. 323 
Myrobalan (see Tenninalia) 
Mvroxylon. 221 
Myrrh (see Commiphora) 


N'aranjilla, 498 (see also Solanu 
Narcissus. 256 
Nadostachys. 256 
Nasturtium. 443 
Natal grass (see Tricholaena) 
Natal plum (see Carissa) 
National parks. 142 
Naval stores. 119. 227 
Nectandra, 31. 31 
Nectar. 347 

Nectarine, 467 (see also Primus] 
Nekoc, 295 
Nelumlxi. 357. 542 
Neogla/iovia. 175 
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Neomycin (see Streptomvees) 

Vepeta, 29! 

Nephelium, 196 
Ncroli oil, 253 
N’essberrv (see Rubus) 

Neutral sulphite process ol pulping. 
109 

New Jersey tea (see Ceanothus) 
s'ew World foods, 358. 360 
New Zealand hemp (see Phormium) 
New Zealand spinach (see letra- 
gonia) 

Nicotiana. 301 
seed for oil, 333 
Nicotine. 302 
Niger seed Isee Gui/ota) 

Nigger toe (see Bert hoi let ia) 

Nispero (see Achras) 

Nitrocellulose, 111, 115 
Nothofagus. 31 
Nuphar, 439, 542 
Nutmeg (see Mvristica) 

Nuts, 407 H. 

Nymphaea, 542 
Nyssa, 5 0 

N. aquatica, cotton gum or water 
tupelo, 50 
for fruit. 470 
for mast icalories. 513 
N. sylvatica. black tupelo or sour 
gum, 50 

Oak, 22 (see also Quercus) 

Oakmoss (see Evernia) 

Oakum, 165 

Oat grass, tall meadow (see Arrhcna- 
therum) 

Oatmeai, 386 
Oats, 385 

ft 

Oca (see Oxalis) 

Ocean ecology, 535 
Ochoco butter (see Virola) 

Ochroma, 34, 67, 129 
'Ocimum, 254, 267 
Ocotea, 21, 31, 34. 256, 268 
Oenothera, 542 
'Ohia (see Eugenia) 

Oidium, 534 
Oil palm, 21 
Oils, 308 

drying-types, 309. 528 
extraction of, 309 
1 non-drying types, 309, ?// 
semi-drying types, 309. 325 
Oiticica (see Licania) 

Oke, 530 
Okolehao, 530 
Okra (see Hibiscus) 

Old world foods, 359, 360 
( 01ca, 21,3/5,499 


Oleic acid, 309. 311 
Oleorcsin, 201. 217 
Olibanum (see Boswellia) 

Olive. 315. 499 
Ololiuqui (see Rivea) 

Oncoba. 323 
Onion (see Allium): 

wild, for Indian food, 358 
Onobnchus. 418 
Opium. 278 (see also Papaver) 
Opuntia. 503 
Orange (see Citrus) 
for essential oil. 256, 264 
Orange blossom oil. 253 
Orbigma, 33 
for oil. 317 

Orchard grass (see Dactylis) 
Origanum. 256. 261 
Ornithopus, 418 
Orontium. 542 
Orris (see Iris) 

Oryza. 581 
oil from hulls, 327 
for starch. 319 
Osage orange (see Madura) 
Osmorrhi/a. 512 

Otaheilc gooseberry (see Phyllan- 
thus) 

Otto of roses. 252 
Ouricuri. 33, 336 (see also Cocos) 
Oxalis. 358 
for food, 512 
for oca. 435 
Oxvdcndnim. 514 
Oxvria. 542 
Oyster mushioom, 536 
Oyster nut (see Telfairia) 

0\stcr plant (see Tragopogon) 

Pachyrhizus, 438 
Paint: 

naval stores for, 223 
oils for. 313 

Pak-choi, 1 1 1 (see also Brassica) 
Palaquium, 203 

Palav rubber (see Cryptostcgia) 

Pa las (see Butea) 

Palma (see Yucca) 

Palma istle (see Yucca) 

Palmarosa (see Cunbopogon) 

Palms, for oil, 317 
Palm sugar, 316 
Palosapis (see Anisoptera) 

Panama disease. 473 

Panama hat palm (see Carludovica) 

Panama rubber (see Castilla) 

Panax, 289. 439 
Panicum, 395. 397, 415. 421 
Papain. 500 
Papaver, 265, 278, 332 


Papa\a. 500 (see also Carica) 

Paper and pulp, 103, 104 
for cigarettes. 160 
kraft paper, 108 
new uses for, 111 
papermaking, history of, 110 
papermaking machines, illus. 108, 
109 

Paper laminates, 116, 117 
Paper mulberry (see Broussonetia) 
Papreg, 117 

Paprika (see Capsicum) 

Papyrus (see Cypcrus) 

Paradise nut (see Caryocar and Lecy- 
t his) 

Paraguay tea, 519 (see also Ilex) 
Parched cereal beverages, 520 
Parkia. 21. 407 
Parsley (see Pctrosclinum) 

Parsnip (see Pastinaca) 

Parsnip, wild (see Pheloptcrus) 
Parthcnium 197, Ulus. 198 
Partridge berry (see Mitchclla) 
Paspalum, 397, 422 
Passiflora. 494 
Pastinaca. 436, 542 
Pasto lacquer (see Elaeagia) 
Patchouli (see Pogoslcmon) 
Pathology, 531 
Paullinia. 518 
Pawpaw (see Asimina) 

Pea, 403 (see also Pisum) 
see Cicer for chick, garbanzo, and 
gram 

see Cajanus for pigeon 
see Lathvrus for grass or kasari 
see Lotus for winged 
see vigna for black-eye, catjang, 
and cow 

Peach (see Prunus) 

Peach palm (see Guilielma) 

Peanut. 320, 405 (see also Arachis) 
Pear, 468 (see also Pyrus) 

Pearl millet (see Pennisetum) 

Peat (see Sphagnum) 

Pecan. 410 (see also Carya) 

Pectins, 204, 205 
Pedilanthus, 334 
Pekoe, tea, 513 

Pelargonium, for perfumes, 253 
Peltandra, 439. 512 
Peltogvnc, 31 

Penicillin (see Penicillium) 
Penicillium. 273 
Pennisetum, 395 
Pennyroyal (see Hcdeoma) 

Pepjifit^ 

(see Capsicum for cayenne, chile, 
garden, paprika, red, tabasco) 
(see Piper for black, true, white) 
Pep permint,J $1 
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IVroskia. 503 




’erfmiK’N and |>cihimn\ 
IVrilla, 332 
lYrse.i. 53. is i 
for oil. 32.3 

Persia hem <vr Rhamnii\) 
lYidan hark iwr Rhaininis) 
I'eisian insect |>owdci. 297 
i’cisittlinon iwr Di<>'|>\ ios) 
I’ctasitcs. 512 
lYtilgrain \srv Citing: 

lor essential oil. 256 
Pel rolctim. 537 
IVl rose! in tun. 2ft I. 111 
lYKii. 112 isrr also Jtrassica) 
I’ciKcdanurn. 2a9 
I'c-Noic rwv Lopliopliora) 
Phaccli;i, a 11 
Pillar is. 122 
Phascolus, 201 
Phdlodcndion, 22. 299 
Phclloptcrus, 139 
Phloem, 61 
Phoenix. 5!i 
for sugar. 3Ift 
Phonniiim. 171 
I’holinia. Iftft, 196 
Photosynthesis, 1 
Plua^mifcs. 358. 397. 512 
Phulwara butter. 323 
Phvcomvcctcs. 532 
Phyllanthus. 191 
Ph\l!oxcra. 158 
Plixsalis. I !H 
Phvsostigma, 288 
Phytelephas. 127 
Phytolacca: 
for dvc. 215 
for greens. 115. 512 
for Indian food. 358 
Phytophthora, 531 
Piassava isre Attalea) 

Picca. 28 . 13.51 

P. engclmannii, Englcmann 
spruce. 51 

P. glauca. white spruce. 13 
for gum. 215 

P. mariana. black spruce. 43 
for masticatories, 543 

P. pungens. blue spruce, 51 
for resin. 230 

P. rubens. red spruce, 43 
P- sitchcnsis, Sitka spruce, 57 
Pickering, Clias., 9 
Pickles, 447 
Picraena, 292 
Pieplant (see Rheum) 

Pignoha. Il l (see also Pinus) 

•‘li (see Canarium) 

P'lines. 86, 87 


I 


Pili nut i nr Cm.iriiim) 
foi oil. 323 
Pilocarpus. 2‘Hi 
Pimruta. 261. 26X 
Pimmilo. 150 
Piminio. 150 
Pimpinell.i. 202 
Pina isrr Ananas) 

Pincler isrr Arachis) 

Pine tur I’inus) 

Pineapple isrr Ananas) 

Pincne. 270 
Pine oil. 299 
Pinlia tor Annona) 

Pink shower pod <s<r Cassia) 
Pinole, 368 
Pinon nuts. || | 
for Indian food. 357 
Pious. 28. 30. io, 53 
1 *• hanksiana. Jack (line. 12 
P. caribaca. slash pine. 51 
P. contorta. lodgepole. 53 
P. exhinata. shortleaf pine. 51 
P. edulis teembroides), pinon 
pine, 53 

lor insecticide. 299 
P. lambcrtiana. sugar pine. 57 
P. momicola. west, white. 53. 57 
P. pa I ust r is. longlcaf pine. 50 , 
illtis. 51 

tlhtx. of Parana pine. 33 
pinon nuts for foods. 357. 111. 542 
P. rcsinosa. red or Xorwa\ pine* 
42 

P. pon.lcrosa, west. vcllow or len¬ 
der osn, 53. Ulus. 58 
1’. rigida. pitch pine. 12 
for seed oil. 327. 332 
Ulus, of stand. 28 
I’- sirobus. eastern white. 10 
I*, laeda. loblollv pine. 52 
for turpentine, 218 
Piper. 261 
for betel. 287 
for cubebs. 269. 288 
for kavakava. 291. 519 
Pipsissewa (sec Chimaphila) 
Piptadenia. 31. 34. 216 
Pitjui (see Carvocar) 

Pistachio. Ill (see also Pistacia) 
Pistacia. 28 . 228 . •/// 

Pisum. 103 
Pitanga (see Eugenia) 

Piiaya. 503 
Pitcira (see Furcraea) 

Pithccolobium, 30. -(07 

I itoniba (see Eugenia) 

Pituri (see Duboisia) 

Plain sawing. 72 
Plankton. 535 


Plan (ago: 
lot gum. 212 
foi food. 512 

Plantain. (71 (ur also Musa) 
Plantain, wild (set Heliconia) 
Plastics. 115 
Platanus, 48. 513 
Plaionia. 185 
Plaiviniscium. 31 
Pleurotus. 536 
Pliny. 8 

Plum ( see Prunus) 

Plumeria, 200 
Phwood, 91. 95. Ulus. 94 
gluing. 96. 97 
Poa. 122 
P<hI corn, 369 
Poclocarpus. 20. 21. 34 
Podophyllin, 291 
W^odophvlhim. 291. 543 
nvjgostemon. 256 
Poi. 433 

Poison hemlock [set Conium) 
Poison ivy. 51! (see also Rhus) 
Poke (see Phytolacca) 

Poles. 86, 87 
Poli (see Carihamus) 
Polianthes. 256 
Pollen analysis, in bogs. 538 
Polygala. 292 
Polvgonaturn. 512 
Polygonum, 512 
for honey. 541 
Polymnia, 139 
Poinbe. 522 
'—"Pomegranate (see Punica) 
Pomelo (see Citrus) 
for pectin. 206 
Pomnic damoiir. 151 
Pond lily, vcllow (see Nuphar) 
Pontcdcria, 542 
Popcorn, 369 
Poppy (.see Papaser): 

for seed. 265. 332 
Population pressure. 364 
Populus: 

P. candicans. for medicinal, 2i 
!’• dcltoides. cottonwood. 46 
P- ircmuloides. aspen. 28, 45 
Porter, 522 

Portulaca. 445. 542 
Posts. 86 
Postuni. 520 
Potamogcton. 542 
Potato: ' 

for starch, 349 
Irish or white. -123 

Potato blight, late (see Phvtopl 
thora) r 

Potentilla. 542 
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560 

Potherbs, among American Indians, 

358 

Poulard wheat, 371 
Pouteria. 181 

Prairie turnip (see Psora lea) 
Prefabrication. 83. 97 
Preservative treatments. 88. 89. 90 
Press foots. 310 
hoso millet (sec Panicuni) 
p rosopis. 30. 31. 207 
for honey, 544 
for Indian food. 358 
mesquite gum. 215 
seed for food. 107 
Protea, 317 
Pl ot in m. 227 
Prunes. 470 
Primus, 28 

• for almonds, 407 

for almond oil. 261. 323 
for apricots, 463 
for capulin, 486 
for cherry. 464 
cherry gum. 215 
for Indian food, 358 
kernels for oil. 327 
apricot, cherry, peach, plum, 
327 

for nectarines. 467 
for peach, 467 
for plum, 449 
P. scrolina, wild cherry, 49 
as sloe gin flavor. 529 
wild, for food. 542 
Pseudocedrela, 21 
’seudo-ccrcals, 398 
’scudolmcdia, 200 
^eudotsuga, 30, 54, 55 
> sidinm: 

* for fruit, 495 
for pectin, 206 

’soralca, 439 
fsyllium (see Plantago) 

’teridium, 358 
’tcrocarpus, 21, 216 
for dye, 245 
> terocarya, 414 
’uccinia, 374, 531 
’ueraria, 406, 542 
’ulasan (see Nephelium) 

> ulp oils, 318 
>ulp and paper, 103, 104 
fillers, 107 

pulping. Ulus. 105, 107 
pulping processes, 104, 106, 107, 

1 109 

pulpwood, Ulus. 103, 110 
’ulquc, 524 
’umelo (see Citrus) 

’umpkin, 450 (see also Cucurbita) 
'utiica. 292. 501 


Purslane, 145 (see also Portulacca) 
P\rethrum. 297 
P> roligneous acid. 121 
Pyronia. 170 
Pm us: 

for crabapple. 465 
for fruit. 453 
for gum. 212 
for pear. 468 


Quarter-sawing. 72 
Quass. 522 
Quassia. 292. 299 
Quassin, 299 

Quebracho (see Schinopsis): 
for tannin. 236 

Queensland nut (see Macadamia) 
Quercitron. 245 
Quercus. 22. 30. 18. 323 
acorns for food. 357. 413 
Q. alba, white oak. 48 
for dye. 215 
Q. rubra, red oak. 48 
Q. suber. cork oak. 28. 122 
for tannin. 235. 238 
Ulus, of wood, 65 
Quillaja. 292 

Quince [see Pyrus, Cydonia) 
Quinidinc, 277 
Quinine (see Cinchona) 

Quinoa, 399 


Radish (see Raphanus) 

Ragi (see Eleusine) 

Ragweed (see Ambrosia) 
Ragwort (see Scnccio) 

Railroad maintenance. 98 
Rain tree (see Pithccolobium) 
Raisins, 460 
Rama (see Hibiscus) 
Rambutan (see Nephelium 
Ramie. 165 
deguturning of, 166 
processing of, 167 
Ramontchi (see Flacourtia) 
Randia, 299 
Ranunculus, 542 
Rapadura, 341 
Rape (see Brassica) 

Raphanus, 436 
Raphia, 178 
Raspberry (see Rubus) 
Rauwolfia. 203 


Rayon, 111 

rayon making, Ulus. 112-113 
Rays. 62 IJ. . 


Redbud (see jCercis) 
Redgum (ste Liquidambar) 
Red Pepper (see Capsicum) 


Red top (see Agrostis) 

Redwood (see Sequoia) 

Reed canan grass (see Phalaris) 
Reedgrass (see Phragmitcs) 
Remijia, 277 
Reseda: 
for dye. 245 
for essential oils, 256 
for food. 542 
Resins. 204. 216 
for fillers and sizing. 204 
fossil. 217 
for mcdicinals, 204 
for plastics, 204 
recent fossil, 217 
for soap. 204 
for varnish. 204 
Retting. 146, 162, 168 
tanks for. Ulus. 161 
Rhamnus: 
for dye. 244, 245 
for medicinal, 288 
Rhatanv (see Krameria) 
Rheedia. 485 
Rhind. W.. 10 
Rhi/ophora. 21. 24, 29 
for tannin. 235, 2)6 
Rhododendron, 299 
Rhodomyrtus, 491 
Rhodotorula, 534 
Rhubarb, 445 (see also Rheum) 
Rhurn, 529 
Rhus: 

for beverages, 543 
for honey, 544 
for lacquer, 228 
for oil. 323 
as poison ivy, 541 
for tannin, 234 
Ribes: 

for currants, 465 
for gooseberry, 466 
for Indian food. 358 
Rice, )81 

oil from hulls, 327 
for starch, 349 
wild, 358, )96 
Ricin, 315 
Ricinus, 315 
Ring-porous, Ulus. 65 
Rivca, 291 
Rivet, 374 
Roasting coffee. 508 
Robinia, 48 
for honey, 544 
for perfumes, 254 
Roccella, 245 
Rolled oats. 386 
Roller milling. 378, 379 
Rollinia. 487 
Ron, 529 
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Root beer, 520 
Root crops, 123 
Rope, I/O 
Rorippa, 261 
for horseradish, 131 
for watercress, 113. 512 
Rosa: 

for food. 512 
for perfumes. 252 
Rose apple iwr Pugenia) 

Roselle bee Hibiscus) 

Roscmarintis, 256 
Rosemarv (see Rosemarinus) 

Rose- oil. 252 

Rosewood (see Pterocarpus and Dal- 
bergia) 

Roicnonc. 295 
Rove. 162 
Rovstonea, Ill 
Rubber. m 

the rubber industry, 192 
oil from seed. 332 
Stevenson plan, 191 
smoked ball. Ulus. 189, 190, 191 
smoked sheet. 189 
synthetic, 191 
Rubia. 212 

Rubigum {see Ceratonia) 

Rubus. 291. 460 
for beverage, 520 
for honev, 511 
for Indian food, 358, 513 
Rum, 529 
Rumex: 
for food. 512 
for medicinal, 294 
for tannin. 231 

Russian dandelion (sre Taraxacum) 
Rust, of wheat (see Puccinia) 
Rutabaga. 137 (sec also Brassica) 
Rutin, 399 
Ryania, 299 

R}c grass, annual and perennial (see 
Lolium) 

Rye, 389 

wild (see Elymus) 

Sabal: 

for honey, 514 
for tannin. 235 
Saccharomyces: 
in bread making. 379 
in brewing. 522. 526, 529 
for fodder. 119 
Saccharum, wax from, 336 
Safflower (see Carthamus) 
Saffror^-213^56 (see also Crocus) 
sa frsn^meadow (see Colchicmn) 
Safrole. 26» ’ 

Sage (see Salvia) 

Sagepcnum (see Ferula) 


Sagittal ia. 358. 139. 512 
Sago. 319 

Sagu (see Manihot) 

Saigon cassia. 262 

St. John's bread (see Ccratoni.i) 

Si. John's wort (see Hypericum) 
Sake. 521 
Salix. 28. /> 
for fiber. 176 
for honev. 511 
Salsify i see 1 ragopogon) 

Salsify, black (see Storzoncra) 
Salsify. Spanish (see Scolvmus) 
Salvia. 256. 265 
Sandmens. 166, 512. 513 
Saintiela. 175 

San hemp (see Crotalaria) 

Sand lucerne (see Mcdicago) 

Sand root dee Aminobroma) 
Sandalwood. 26, 256 (see also Santa- 
lum) 

Sandalwood, red (sec Pterocarpus) 
Sandarac (see I etraclinus) 

Sandarac. Australian (see Callitris) 
Sanderswood, red (see Pterocarpus) 
Sandwich panels. 97 
Sanfoin (see Onobrychus) 
Sanguinaria. 211 . 291 
Sanguisorba. 512 
Sansevicria. 175 
Sanialurn. 26. 256 
Santonin (see Artemisia) 

Sapindtis. 216. 292 
Sapodilla (see Achras) 

Saponai ia, 292 
Saponification, 311 
Saponification number. 312 
Saponin, 292 
Sapotc (see Calocarpurn) 

Saj>otc, white (sec Casimiroa) 

Sa|X)te. yellow. 502 (see also Lucuma) 
Sappanwood (see Caesalpinia) 
Sapucaia (see Lecythis) 

Sap wood. 62 

Sarsaparilla. 519 (see also Smilax) 
Sarsaparilla, wild (see Aralia) 
Sassafras, 265. 268. 519. 512 
Saturcia. 265 
Sauerkraut, 111 . 531 
Savory (see Satureia) 

Sawarri (see Carvocar) 

Saxifraga, 512 

Scainmony (see Convolvulus) 
Scammony. Mexican. 292 (see also 
Ipomoca) 

Schinopsis, 33, 69, 2)6 
Schinus, 230 
Schleichera, 227, 323 
Schoenocaulon, 299 
Schwarzbrot. 391 
Sclrpus, 512 


Scolumis. 137 
Scopolamine. 282. 290 
Scor/onera. 137 
Scotch. 529 
Scutching. 162 
Sea gardening. 5.35 
Sea kale [see Crainbc) 

Sea onion (see l iginea) 

Secale. 389 
Sechiuiu. 116 
Sediuti, 512 
Seed lac. 228 
Selective cutting. 130 
Seinerarpus. 228 

Semi chemical process of pulpin 
109 

Semolina. 371 
Senecio. 291 
Senega (see Polygala) 

Senna. 292 (see also Cassia) 
Sequoia, 56 

S. gigantia (Washingtonians). b 
tree. 56 

S. sempervirens, redwood. 56 
Scringucros. 193 
Scrradclla (see Ornithopus) 

Service berry (see Amelanchier) 
Sesame (see Scsamum) 

Scsamum: 
for insecticides. 299 
oil from seed. 327 
for spice, 265 
Sesbania, 173. 118 
Sesuvium, 512 
Sctaria. 391 
Seville orange. 179 
Sewage disposal. 532 
Shaddock. 175 (see also Citrus) 
Shallots (see Allium) 

Shallu (see Sorghum) 

Shea butter. 323 
Shellac. 228 
Shcpherdia: 
for dye. 214 
for fruit, 464 
for sweets, 543 
Shingles. 102 

Shiraz gum, 215 (su aiso Prunus) 

Shorea. 226 

Siak fat. 323 

Sida, 174 

Sideritis. 519 

Sideroxylon, 200 

Silage. 534 

Silene. 542 

Silk cotton, 21 

Silk cotton tree (see Ceiba) 

Simmondsia, 336 

Sincama (see Pachyrhizus) 

Sindora, 230 
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<>al, 171 
\ wax from. 336 
v \m, 137. 542 
swings, 107 
^irret (see Sium) 

.junk cabbage (see Symplocavpus) 
pvovitz. 529 
*>)e gin. 529 

,i)ugh grass (see Spartina) 
n.iilacina, 542 
j nilax. 265. 358. 519. 512 
loking, tobacco, 302 
.aut (see Ustilago) 

.ake root (see Polygala) 
pulT. 302 
oap. 311 

jiapbark (see Quillaja) 
papberry (see Sapindus) 
oaproot (see Chlorogalum) 
fiapwectl (see Yucca) 

.•da process of pulping, 106 
• >ft drinks, 520 

4 

»ft woods, 15, 16 
distillation of. 119 
production of. 133 
ilanum: 
egg plant, 147 
Irish potato. 423 
as medicinal. 294 
for naranjilla, 498 
for starch, 349 
ilidago, 200. 520. 543 
for honey, 544 
jlvent extraction: 
r>of essential oils, 250 
^of fixed oils, 310 
pinchus, 542 
prbus, 542 

pjrgho beverage, 524 
^rghum, 393 
j for fiber. 177 
, for sugar, 316 
,for wax, 394 
^rgo. 316 

juari (see Caryocar) 
jurclover (see Mclilotus) 
tjurgum, for fruit, 470 (see also 
Nyssa) 

our orange (see Citrus) 
oursop (see Annona) 
oybean, 328 (see also Glycine) 
panish bayonet (see Yucca) 
panish moss (see Tillandsia) 
parganium, 542 
park ling wine, 526 
Ipartina, 422 
par tree. 132 

pawn, for mushrooms, 537 
pcarmint (see Mentha) 
pelt, 371 
pergula, 542 


Spermolcpis, 230 
Sphagnum. 179. 537 
Spices, 257 
Spike. 256 

Spikenard (see Nardostachys and 
Valeriana) 

Spikenard. American (see Aralia) 
Spinach (see Spinacia) 

Spinacia. 115 

Spindle, for fiber spinning. 149 
Spirit beverages. 528 
Spondias. 484. 495. 498 
Spoiling goods, 102 
Spring beauty (see Claytonia) 
Spruce (see Picca) 

Squash (see Cucurbita) 

Squills (see Urginca) 

Stachys, 542 

Staphylca. 542 

Star anise (see Illicium) 

Star apple (see Chrysophvllum) 
Starch, 347 
Stavbwood. 117 
Stay log. 95 
Stavpack. 116 
Stellaria. 542 
Stemmadenia. 200 
Sterculia. gum, 211 
Stcreospermum. 216 
Stick lac. 228 
Stillingia, 323 
kernels for oil. 333 
Stinkwood. black, 21 
Stipa, 176. 335, 415 
Sti/olobium, 406 
Storax. 229 
Stout, 522 
Stramonium. 290 
Strawberry (see Fragaria) 
Streptomycin (see Strcptomyces) 
Strcptomyccs. 275 
Strcssed-skin construction. 97 
Strophanthus, 293 
Strychnine (see Strychnos) 
Strychnos, 282 
Sturtevant, Lewis, 10 
Styrax, 229. 230 
Styrene, 194 
Suari (see Caryocar) 

Succotash. 368 
Sucrose, 337 

Sudan grass (see Sorghum) 

Sugar, 337 

Sugar apple (see Annona) 

Sugar beet, 342 
Sugar cane, 339 
wax from, 336 

Sulphate process of pulping. 107 
Sulphite process of pulping. 106 
neutral sulfite process, 109 


Sumac (see Rhus) 
for tannin. 234, 238 
Sun (see Crotalaria) 

Sundew (see Droscra) 

Sunflower (see Helianthus) 

Sunn hemp (see Crotalaria) 

Supa oils (see Sindora) 

Surinam cherry (see Fugenia) 

Swarri nut (see Caryocar) 

Swede. 437 (see also Brassica) 

Sweet birch (see Betula) 

Sweet clover (see Mclilotus) 

Sweet corn, 369 

Sweet gum (see Liquidambar) 

Sweet pea (see Lathyrus) 

Sweet potato: 
wild. 358 
domesticated. 429 
Sweetsop (see Annona) 

Swietcnia. 29. 140 
Swine's bread (see Ccratonia) 
Swollen shoot disease, of cacao, 
517 

Sycamore (see IMatanus) 

Syconium, 491 
Symphonia. 216. 227 
Symphoricarpos. 542 
Svmplocarpus, 294, 542 
Symplocos, 543 
Synthetic butter, 313 
Synthetic wool, 325 
Syringa. 255 

Tabasco (see Capsicum) 

Tabcbuia, 31, 34 
Tabernaemontana, 200 
Tacamahaca (see Protium) 

Tagua (see Phytelcphas) 

Talloil, 108, 333 
Tallol. 333 
Tamale, 368 
Tamarack (see Larix) 

Tamarind (see Tamarindus) 
Tamarindus: 
for fruit, 502 
for medicinal, 293 
for pectin, 206 
Tanacetum, 269. 542 
Tangerine (see Citrus) 

Tannins, 231 
"Tannins” of tea, 513 
Tansy (see Tanacetum) 

Tapioca, 347, 127, 428 
Tapping of rubber: 

Amazonas method, 189 
jehong method, 188, Ulus. 187 
machadino method, 189 
Tapping of turpentine, 219, Ulus. 
220 , 221 

Taraktogcnos, 288 
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i ar.i\;mim. 2041. L’91 
for dandelions J |*l 

fni food. 512 
fot lionr\. MI 
J aro Her Colotasia) 
lanagon ivt Wu-mid.i) 

I axodium. :U 1 . *2 
l ea. 510 

leabcin \sec (.aullhcria) 
l eak. 25. illux. 23 
I casccd txrr I hca) 

Tea tree i.wr Melaleuca) 
lemma. .31 
Tecrona, 25 
l elf wee I tagiostis) 

Tclfairia. 115 
Tephrosia. 299 
1 ccjuila, 550 
Tcrminalia. 216 . ill 
for tannin. 238 
reunite prevention. 88 
Tcrraimcin (see Strcptomvcc*) 
letrnclimis. 229 
Tctragonia, 444 
Niapsia, 230 
Tlica. 5 to 
for oil. 32.3 
Theinc, 513 
I licolnoma: 

for cacao or chocolate. 514 
cupn-assu, |88 
for oil. 323 
for theobromine. 288 
Theophrastus. 8 
Thermosetting resins, 97. 117 
Thcvctia. 200 
Thuja, II, 59 
for essential oil, 255 
for food. 512 
T. occidcntalis. II 
T. plicata. giant arbor vitae or 
western red cedar. 59 
Thunder-god vine {see Triptcry. 
gium) 

Thyme (see Thymus) 

Thymus, 256. 291. 520 
Tics, 98 

Tigernut (sec Cvperus) 

Tilia. 22. 27. -19. 519 
T. americana. basswood, -19 
for fiber. 174 
for food. 543 
for honey. 541 
Tillandsia. 175 
Timber 

annual drain of. 80 
goal for future. 138 
growing of. 130 
sawed. 80 

standing volume of. 134 
unprocessed, 80 


I imbo. 295 
I imciihx i m i Pldciini) 

I iie making. 192 

I o.idstiHib, 536 

Tobacco. 271. fill 
seed Ini nil. 333 
Todds. 316 
Toddv, palm. 521 
Tomato iw# t.uopcrsicum) 

Tonka bean wee Diptcrw) 

Top fei mentation, 522 
I oitilla. 368 
l oiulopMs. 532 
I nt.j(|iiine. 277 
low. 162 
I racheids, 62 
fraclislnbium. 226 
I radcscantta. 512 
1 ragac.mth. gum. 210 

I ragac.mth. Indian isrr Sterculia) 

I I agon (see Ceratonia) 
Tiagopogon. 437. 542 

I ragosol {see Ceratonia) 

Irapa. 512. 543 
Treculia, 519 

1 ICC tomato isrr Cvphomandra) 

Trichilia. 323 
Tricholacna. 422 
I rifolinrn: 
for food. 512. 543 
as forage. 418 
for hones. 514 
as medicinal. 291 
as weed. 540 
Triglochin. 543 
1 rigonella. 2G3 
Trillium. 291. 358. 542 
1 riostcurn. 543 
Triple see. 530 
Tripsacum. 369 
Tripterygiuni. 299 
Triticum: 
for food. 372 
for starch. 349 
Tropacolum, 431 
Tropical forests. 17. 19 
management of. 140 
Tropical fruits, listing of, 503 
Trout lily ( see Erythronium) 
Truffles, 536 
Tsuga. 43, 57 

T. canadensis, eastern hemlock. 

43 

for food. 5^2 

T. heterophylla. western hem¬ 
lock. 57 
for tannin, 235 
Tuba, 295 
Tuberales. 536 
Tuberose (see Polianthes) 

Tulip tree (see Liriodcnd ton) 


runa. 503 

I mi” nn Mem ilcs) 

I ilpclo lire S ss\.i| 

I Hikes led nee Kulij.i) 

I lllkisli mil iw Coi > Ills) 

Ini meric i in ( iiuuma) 
linnets, 102 

I in nip. 137 isrr til mi ltrassica) 

I urpenline. 2IS 

1 ussilaj-o. 291. 513 
"twilight sleep," 2«2, 290 

2 1 1). 271. 299 

I vplia. 177. 35». 139. 512 

Tcuhiiba butter I see Virola) 
l do iur Aralia) 

Ulnc us. 135 
Hums. 27. JS 
T. Americana. Am. elm. 18 
for food. 512 

M. ful\a. slippers or red elm 
l 1 . 1 honiasi, rock or cork elm 
Cmkokola (see Dovyalis) 
Cncaria, 238. 215 
I’tiicorn plant (see Martynia) 
Urcna. 174 
ri|>inea. 292 
IJrt ica. 512 
l‘stilaj»o. 531 
I’vularia. 512 


Vaccinium, 464 
for cranberry, 165 
* for dye. 244 

for Indian food. 358 
Valerian. Valeriana, 257 
for food. 542 
for medicinal. 293 
Valcrianclla. 542 
Valonia, 238 
Vanilla. 265 
Vanillin. 266 
Varnish: 

naval stores for, 223 
oil type, 217 
oils for. 313 
spirit type. 217 
Vases grass (tee Paspalum) 
Valeria, 226 
Vavilov. 8 . 9 . 353 
Vegetable ivory, 127 
Vegetable sponge (see Luffa) 
Vegetables. 423 
Veitchberry (see Rubus) 
Veneer, 91, Ulus. 92-96 
Venice turpentine (see Larix) 
Veratrum. 290. 294 

Vcrbascuni. 294 
Verbena, 257. 294, 542 


INDEX 



vermouth, 527 
Veronica. 291. 512. 513 
v’cnain. blue (see Verbena) 
Vessels. 62 
sfetiveria, 251. 257 
^etivert [see Vetiveria) 
icia. 103 
v as forage, 119 
Vigna. 401 
*'inegar. 155. 521 
Vinegar fermentation, 534 
'iola, 257. 512 
violet (see Viola) 

• irola. 323 
a iscose. 111 
Vitamin B12, 534 
Vitis, 456 

l for beverages. 543 
a for seed oil, 332 
Poand/eia. 106 
Vodka, 530 
Pouacapoua, 31 
y-ulcanization, 186 


Wild rice (see /i/ania) 

Wild sweet potato (see Ipomoca) 
Willow (see Salix) 

Wine, 525 

Wingnut (see Pterocarya) 
Wintergrcen (see Gaultheria and 
Betula) 

Witch ha/cl (see Hamamelis) 
Witloof (see Cichorium) 

Woad (see 1 sat is) 

Wolf banc (see Aconituin) 

Wolf trees. 136 „ 

Wood: 

blocks of softwood and hardwood. 
64 

cells of, Ulus. 63 
chcmurgic utilization of, 118 
color of. 72 

for conversion products, 103, 115 
for cooperage. 99. 100 
craftsmanship with. 85 
cuts of, 75 

decay fungi. Ulus. 70 


Wood (Cont.) 
structure of, 61 
texture of, 77 
tics from. 98 
toughness of, 78 
for turnery, 102 
Wood conversion products, 103 
Wood flour, 102 
Wood lot: 

management of, 137 
farm, 135 

Wood waste, chcmurgic use, 538 
Wormsced (see Chenopodium) 
Wormwood (see Artemisia) 
Wort, 521 


Xanthium, 512 
Xanthorrhoca, 230 
Xanthosoma, 139 
Ximenia, 323 
Xylcm. 62 


Vake robin (see Trillium) 
v’alnut, African, 21 
Valnut, black. Persian, English 
(see Juglans) 

Va ter fowl, 541 

Vater hyacinth (see Eichhornia) 
Vatermelon (see Citrullus) 
Vatcrshed protection, 112 
Vatt, Sir Geo., 9 
‘Vattle gum, 210 
battle, for tannin. 237 
<Vax, 308, ))) 

Vaxy corn, 319 

tyeed control with herbicides, 300 

<Vecds, 510 

‘Veiss, 522 

«Veld (see Reseda) 

•Velsh onions (see Allium) 

‘Vest Indian pepper pot. 428 
‘Vet milling, 325, 318 
■Vhcat: 
for food. 372 

market classification of, 377 
milling of. 378 
for starch, 349 
Vhcat grass (see Agropyron) 

A'hip trees, 136 
Vhisky, 529 
iVhisky rebellion, 529 
Vhite pine blister rust, 166 
tVikl ginger (see Asanim) 

VIkl hay, 415 

Vfld plants, edible, 541 J. 


density of, 67, 68 
distillation of, 119 
drying of, 88 
durability of. 69, 71 

4 

for excelsior, 102 
faces, transverse, radial, tangen¬ 
tial, 66 

fermentation of, 118 

figure of, 72 

fireproofing of, 90 

for flour, 102 

grain of, 71, 72 

hardness of, 72 

hydrolysis of, 118 

identification of, 62 

luster of, 72 

for mine timbers, 86 

for modified wood, 116 

moisture content of, 73 

for pilings, 86 

for poles, 86 

polish of, 72 

porosity of, 74 

for posts. 86 

primary uses of, 78, 79 

properties of. 66 

for pulp and paper, 103 

pulpwood, Ulus. 103 

in railroad maintenance. 98 

seasoning of. 74. 75 

for shingles, 102 

shrinkage of, 74, 75, 76 

for sporting goods, 102 

stiffness of, 76 

strength of, 76. 77, 78 


Yam (see Dioscorea) 

Yam bean (see Pachyrhizus) 

Yarn, 149 

Yatav (see Diplothemium) 

Yaupon, 517 (see also Ilex) 

Yautias (see Xanthosoma) 

Yeast: 

in bread making, 379 
in brewing, 522. 526, 529 
for fodder, 119 
in prehistoric times, 5 
Yellow poplar (see Liriodcndron) 
Yerba mate (see Ilex, Paraguay tea} 
Ylang-ylang (see Canangium) 
Youngbcrry (see Rubus) 

Yuca, yucca, 175, 427 (see also Man 
ihot) 

Yucca, 439, 542 
for Indian food, 358 


Zamia, 349 
Zanthoxylum, 30, 299 
Zea: 

for food, )65 
for oil. 325 
for starch, 347 
Zedoary (see Curcuma) 
Zingiber: 

for essential oil, 255 
for spice, 263 
Zizania, )96 
for Indian food, 358 
Zizyphus, 34, 227, 496 
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